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DIGEST 


Eurocard Rack Cases 


K Industries have added 

eight new 3-unit high card 
cases to their Efrack range. The 
cases accept both sizes of Euro- 
cards and all other sub- 
assemblies designed for use with 
19” sub-rack systems but offer 
constructors a choice of four 
widths instead of the standard 
rack width which is usually avail- 
able, 

The new cases are made from 
aluminium and are supplied in kit 
form, They are suitable for all sub- 
assemblies manufactured to DIN 
41494, part 5 and accept both 100 
x 760mm and 100 x 220mm Euro- 
cards. The top of the enclosure is 


Come And Go At The Same Time 


l t seems an obvious idea, really, 
but so far as we know, Norbain 
are the first to actually produce bi- 
directional opto couplers, Need- 
less to say, this will probably 
provoke a mailbag or two of 
readers’ letters along the lines of 
“When I was knee-high to an 
EF80, there was a company on the 
Edgware Road that sold two 
ORP12s glued to two 12V light 
bulbs — mind you, you could only 
go at 2 baud with this set up. . .”” 
There are two new opto- 
couplers, both using gallium 
arsenide LEDs with NPN silicon 
phototransistors for the outputs 
and designated the OP1 2500 and 
the OP1 2501. Both devices have 
an input to output isolation 
voltage of 1500V with guaranteed 
minimum current transfer ratios 
of 12.5% for the OP1 2500 and 
20% for the OP1 2501. 
Additionally the OP1 2501 has 
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secured only by the rear fixing 
screws which allows it to be re- 
moved easily for internal access. 
The four widths available are 101, 
203, 304 and 426mm and each 
can be ordered in depths to suit 
either 160 or 220mm Eurocards, 
Prices range from £30.96 to 
£52.63. 

OK plan to extend the range 
still further in the near future with 
aseries of 4,5 and6-unit high card 
cases in widths of 203, 304 and 
426mm. Further details and a full 
catalogue are available from OK 
Industries UK Ltd, Dutton Lane, 
Eastleigh, Hampshire SO5 4AA, 
tel 0703-619841. 


a CTR symmetry of 0.5 minimum 
and 2 maximum, In terms of a 
bidirectional optocoupler, CTR 
symmetry means that the output 
radiant power from both LEDs will 
not be identical with the same for- 
ward current. This will be reflec- 
ted in the output waveform which 
will develop alternate peaks at 
two different amplitudes. 

The power dissipation of the 
input diode is 100mW derating 
linearly at 1.33mW/°C above 
25°C. The power dissipation of 
the output transistor on the OP1 
2500 is 150mW and 300mW on 
the OP1 2501, derating linearly at 
2mW/°C and 4mW/C at 25°C 
respectively. The output rise and 
fall time of the devices is typically 
2us within an operational tem- 
perature range of —55°C to 
+100°C. Norbain House, Boulton 
Road, Reading, Berkshire RG2 
OLT, tel (0734) 864411. 


Advance Buys House Of 


Instruments 


A dvance Power Supplies Ltd, 

the UK power-supply man- 
ufacturer formed in April 1984 as 
a result of amanagement buy-out 
of the former Gould Power Con- 
version Division, has purchased 
instrument distributor House of 
Instruments. 

Advance sees the move as a 
major step forward in its expan- 
sion and diversification plans, and 
is moving the existing House of 
Instruments operation from 
Saffron Walden to its Bishop’s 
Stortford headquarters. Advance 


Bradley 
Marshall 
Resurgent 


W hen Bradley Marshall's 
Edgware Road component 
shop was severely damaged by a 
gas explosion next door, it was 
almost like an old friend dying. 
Happily, the company has 
risen, phoenix-like, in a new 
shop opposite its old premises. 
And it’s bigger and better, with 
more space, more components, 
more staff and a new computer 


LED Along An Optical Guide 


A EG-Telefunken have pro- 
duced a printed circuit 
mounting LED which has a built-in 
flexible optical guide which will 
transmit light for distances of up 
to 2.0 metres. The device allows 
front panel indication to be 
achieved using a board-mounted 
LED, thus removing the need for 
off-board wiring, or it could be 
used with a photo-sensitive de- 
tector to form an opto-coupler 
with very high voltage isolation. 


say they are committed to provid- 
ing continuity for existing House 
of Instruments customers, and 
the sales staff are remaining with 
the company. 

For the future, Advance intends 
toinvest considerably in House of 
instruments, both in terms of 
higher stocking levels to ensure 
speedier service and in com- 
pletely new product lines and 
services. Advance Power Supplies 
Limited, Raynham Road, Bishop’s 
Stortford, Herts, CM23 5PF, tel 
027955 55. 


centre. 

London's Edgware Road will be 
even more welcoming to elec- 
tronics enthusiasts now. Bradley 
Marshall, 382-386 Edgware Road, 
London W2 1BN, tel 01-723 4242, 


@ Monolithic Memories have 
produced an A2 sized wallchart 
which lists and compares bipolar 
PROMs from all of the leading 
manufacturers. the chart is avail- 
able upon request from Mono- 
lithic Memories Ltd, Monolithic 
House, 1 Queens Road, Farn- 
borough, Hampshire GU14 6Dy, 
tel 0252-517431, 


The optical guide will be avail- 
able in standard lengths of 0.5, 
1.0, 1.5 and 2.0 metres but may be 
cut and polished at an inter- 
mediate length to suit the applica- 
tion. The current transfer ratio of 
the guide is 50% and the LED 
colours available include red, 
yellow and green. 

AEG-Telefunken (UK) Ltd, 217 
Bath Road, Slough, Berkshire SL1 
4AW, tel 0753-872120. 
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First Digital Recording Console 


T he first ever digital multi- 

track sound mixing console is 
now in full operation. Manufac- 
tured by Neve electronics, the 
digital console was installed at 
CTS recording studios in West 
London in just 24 hours with final 
adjustments taking place bet- 
ween Christmas and the New 
Year. 

Neve claim to have spent some 
five years researching and de- 
veloping this new digital console. 
In addition to collaboration with 
the BBC, much of the recent work 
on multi-track facilities was done 


in conjunction with CTS engineers. 
Neve says that it has received 
numerous enquiries about its 
DSP console from studios and 
broadcast companies through 
the world and that it anticipates 
that over the next decade the digi- 
tal business will expand to forma 
major addition to its already 
growing and developing analogue 
activity, Further DSP consoles are 
already in production. 

Neve Electronics International 
Ltd, Melbourne, Royston, Hert- 
fordshire SG8 6AU, tel 0763- 
60776, 


Computer Wars 


he battle to the death con- 

tinues and small black ob- 
jects continue to hurtle down 
— in price, In the same week that 
Acorn suspended dealings in 
their shares because of financial! 
problems, Sinclair announced a 
sharp reductionin the price of the 
Spectrum Plus computer. 

The Spectrum Plus will now 
cost £129.95 including VAT in- 
stead of £179.95, At the same 
time the company announced 
that they will stop selling the 
original ZX Spectrum 48K in the 
UK in order to concentrate on the 


Versatile Data Capture For Laboratories 


ata Harvest describe their 

latest product as a versatile 
laboratory instrument, or Vela for 
short, It is designed to record up 
to four analogue voltage inputs, 
store them in battery backed-up 
memoryand thenreproduce them 
in analogue form for display onan 
oscilloscope or chart recorder or 
in digital form for further process- 
ing on a microcomputer. 

The four analogue inputs have 
individually selectable sensitivi- 
ties of £25v,+2.5Vand+250mV 
and store the recorded data in 1K 
of CMOS RAM after conversionin 
an A/D converter whose resolu- 
tion is 8 bits +% LSB, A TTL-com- 
patible digital input is also 
provided on a 26 way IDC con- 
nector. The unit can be powered 
from the mains via an adaptor, 
from an external 8-13V supply or 
from internal cells, allowing it to 
be used for data capture ‘in the 
field’. Fifteen programs allow the 
capture of everything from fast 
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voltage transients with an inter- 
val of 30s between samples to 
slowly changing biological and 
other data with sampling interval 
of up to 999 seconds. A D/A con- 
verter with a resolution of 8 bits 
+% LSB provides an analogue 
output for display on an oscillo- 
scope or chart recorder while a 
TTL-compatible digital output 
allows the data to be fed toa BBC 
B, RML 380/480Z, Apple II or PET 
microcomputer or directly to a 
Centronics printer. 

Vela uses a 6802 micro- 
processor and has 4K of EPROM 
for applications software storage. 
A further 12K of EPROM 
space is available for software 
expansion. A two-digit code 
entered via the keyboard selects 
the required program and asingle 
key selets the recording channel 
and output mode. An LED dis- 
play shows channel, time and 
voltage, allowing Vela to be used 
as a four channel digital voltmeter 


and thus enabling sensor output 
voltages to be checked before 
recording. A pulse input is pro- 
vided to trigger data capture and 
can also be used as a timing and 
counting input providing fre- 
quency measurement from 1Hz 
to 15kHzand timed periods from 
1ms to 65 seconds. Other possi- 
bilities include the storage of 
recorded data on disc after pro- 
cessing through a micromputer 
and the generation in conjunc- 
tion with a micro of complex 
waveforms and sequences for 
use in control applications. 

Vela measures 300 x 230 x 
75mm and weights 2.2kg, It costs 
£375.00 plus VAT and is avilable 
from Data Harvest Ltd, 28 Lake 
Street, Leighton Buzzard, Bed- 
fordshire LU7 8RX, tel 0525- 
373666, Vela is also available 
from STC Electronic Services, 
Edinburgh Way, Harlow, Essex 
CM20 2DF, tel 0279-26777. 


Spectrum Plus. Owners of the 
48K ZX Spectrum may have their 
machine upgraded toaSpectrum 
Plus for £30.00 of can purchase a 
kit and do the job themselves for 
£20.00. The introductory soft- 
ware six-pack which was pre- 
viously included in the price of 
£179,95 will now be available 
separately at normal prices orata 
special price of £14.95 to pur- 
chasers of the Spectrum Plus. 

Sinclair says that they hope the 
pricereductions willenable them 
to increase their 44% share in the 
UK market. The price of the QL 
remains unchanged at £399.00 
including VAT. For Spectrum up- 
grade kits contact Sinclair Re- 
search Ltd, Stanhope Road, 
Camberley, Surrey GU15 3PS, tel 
0276-686100, 


Snail Update 


R eaders who saw the February 
News Digest may remember 
an item describing a microcom- 
puter peripheral called Slomo, a 
device which slows down a micro 
so that complex games, etc canbe 
learnt more easily. The address 
given at the end of the article was 
that of Cambridge Computing 
Research Ltd but we have since 
been told that CCR are in re- 
ceivership and that no further 
orders should be sent to them. 
Slomo is still available from Nidd 
Valley Micro Products who origin- 
ally designed it and the price is un- 
changed at £14,95 inclusive, They 
can be reached at Stepping 
Stones House, Thistle Hill, 
Knaresborough, North Yorkshire 
HGS5 8jW, tel 0423-864488. 


@ Electronic Brokers have pub- 
lished a 20-page, two-colour cata- 
logue which describes their range 
of test and computer equipment, 
It has sections on oscilloscopes 
and logic analysers, multimeters, 
generators, counters and timers 
powers supplies, line  con- 
ditioners and EPROM program- 
mers and also describes a range of 
DEC Tektronix computer equip- 
ment. Copies ofthe catalogue are 
available from Electronic Brokers 
ltd, 140-146 Camden Street, 
London NW1 9PB, tel 01-267 
7070, 


@ Global Specialities Cor- 
poration have produced a12 page 
catalogue which describes their 
range of design and test instru- 
ments. The catalogue includes 
power supplies, capacitance 
meters, function generators and 
multiplexers and is avaitable from 
GSC, Shire Hill Industrial Estate, 


Saffron Walden, Essex CB11 3AQ, @ 


tel 0799-21682. 


NEWS:NEWS:NEWS:NEWS:NEWS: NEWS: NEWS 


@ Marston Palmer’s new cata- 
logue describes their full range of 
aluminium heatsinks, from clip- 
on types for individual semicon- 
ductors up to massive extruded 
sections. The catalogue also in- 
cludes accessories such as ther- 
mal compound and _ stand-off 
pillars and has two pages of notes 
and formulae to help you select 
the right heatsink for your appli- 
cation. Marston Palmer Ltd, 
Wobaston Road, Fordhouses, 
Wolverhampton WV106 6Qj, tel 
0902-783361. 


Single-Action 
Wire 
Stripper 


& R ELectrical Products have 

introduced a self-adjusting 
wire stripperand cutter which will 
prepare the ends of insulated 
cables in one movement. The tool 
accepts most types of solid and 
stranded wires and the manufac- 
turers claim that it costs only 
about a third of the price of com- 
parable tools currently on the 
market. 

The TC1017 is robustly con- 
structed and self-adjusting during 
operation to enable fast and accur- 
ate stripping of insulation from 
most types of solid or stranded 
insulated wire with outside dia- 
meters from 0.5 to 5mm. For par- 
ticularly hard or soft insulation 
materials a manual adjustment is 
provided to alter the force of the 
blades, butsuchadjustmentis not 
normally necessary. 

The tool operates in one con- 
tinuous action by gripping the 
insulating material in its metal 
jaws, simultaneously — cutting 
through it and removing the insu- 
lation by the sliding action of the 
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@ Texas Instruments have pro- 
duced a new catalogue of their 
technical publications. Brief de- 
tails are given of allthe 41 booksin 
the range, from data books and 
design manuals to text books 
aimed at the student, some of 
which are also available on video. 
The catalogue includes a price list 
and order form is available from 
the Customer Response Centre, 
Texas Instruments Ltd, Manton 
Lane, Bedford MK41 7PA, tel 
0234-67466. 


blades. Moulded into the jaws of 
the too] are graduations in milli- 
meters and inches to assist 
measurement of the length of 
insulation to be stripped. The tool 
also incorporates a pair of tem- 
pered steel cutting blades to en- 
able the wire to be cut and 
trimmed to length before 


stripping. 


@ instrument Rentals have a wide 
range of test equipment ofvarious 
types which they hire out for 
periods of one week or more. 
Prices range from £6.00 for an 
AVO-8 and £7.00 for a 15MHz, 
dual trace ‘scope up to several 
thousand pounds per week for 
some of the flashier network ana- 
lysing gear. For a copy of theirnew 
catalogue contact ‘Instrument 
Rentals (UK) Ltd, Dorcan House, 
Meadfield Road, Langley, Slough 
SL3 8AL, tel 0753-44878, 


The Model TC 1017 wire strip- 
per costs £4.30 plus VAT (trade 
price) and is one of aseries of new 
products to be included in the 
next edition of the B&R telephone 
and mail order components cata- 
logue. B&R Electrical Products 
Ltd, Temple Fields, Harlow, Essex 
CM20 2BG, tel 0279-443351. 


abt 


Low-Cost 
Touch Screen 


M icrovitec have produced a 
touch sensitive clear screen 
which fits over their computer 
monitors and which can be used 
by the young, the disabled and 
others who have difficulty with 
keyboards to enable them to 
communicate with computers. 
The screen uses infra-red beams 
to detect the presence of a finger 
ora stylus, is inherently safe, and 
the manufacturers claim that it 
costs only a fraction of the price of 
currently available touch screens. 
The Touchtech 501 consists of 
a stand into which metal-cased 
Microvitec monitors are secured 
and ascreen bezel. The bezel con- 
tains a number of infra-red trans- 
mitters and sensors which project 
a network of beams across the 
screen area. The beams cannot, of 
course, be seen, but interrupting 
any of them with a finger or stylus 
will immediately be detected by 
the appropriate sensor and the 
co-ordinates fed to the computer. 
The information can then be inter- 
preted by the software as re- 
quired, for example, asa yes orno 
decision or as a choice between 
other alternatives, 

The Touchtech 501 comes 
complete with a user's handbook 
and a diskette containing nine 
demonstration programs de- 
veloped by the Government- 
backed Microelectronics Pro- 
gramme, The complete package 
is expected to sell for £210,00 
plus VAT, 

Microvitec PLC, Futures Way, 
Bolling Road, Bradford, West 
Yorkshire BD4 7TU, tel 0274- 
390011. 
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Low Cost 
Logic 
Analyser 


T hurlby Electronics have in- 
troduced a portable, sixteen 
channel logic analyser which is 
claimed to offer high perform- 
ance but will sell for under £400 
excluding VAT in its basic form. 
Features include a 2000 word 
memory, comprehensive trigger 
facilities and an RS423 interface, 
and Thurlby hope that the low 
price will encourage organisa- 
tions to equip each of their en- 
gineers with one rather than ex- 
pecting a number of engineers to 
share one machine as at present. 

The LA-160A has a maximum 
clock rate of 1OMHz and the LA- 
160B hasa maximum clock rate of 
20MHz. Both have sixteen data 
channels but can be enlarged to 
32 channels usinga clip-on exten- 
der module, whereupon the max- 
imum clock rates become 5MHz 
and 10MHz respectively. The 
acquisition memory holds 1999 
sixteen bit words and stores 999 
before the triggering event and 
999 after it. The memory size 
becomes 1000 32-bit words when 
the extender module is added. A 
built-in state domain display 
shows the data in either binary, 
octal, decimal or hex form orina 
mixed display of binary and hex, 
and by connecting the unit to a 
conventional oscilloscope a full, 
multi-channel timing display can 
be obtained, 

The trigger facilities include 20 
bit trigger width, the ability to set 
the trigger word in any display for- 
mat, selectable trigger hold-off 
and a trigger arm input with selec- 
table delay. Data can be captured 
synchronously or asynchronously 
using either the clock of the cir- 
cuit under test or the internal 
clock which has sixteen select- 
able frequencies from 1KHz to 


10MHz or 20MHz. Two clock 
qualifiers enable data to be cap- 
tured selectively, for example on 
the Read cycle of the micro- 
processor bus. 

The LA-160 is microprocessor 
controlled via an interactive key- 
board with all the set-up informa- 
tion being stored in permanent 
memory. A non-volatile reference 
memory is also included, This can 
be loaded from the acquisition 
memory or the keyboard and 
allows reference data to be stored 
for comparison purposes. 


The software facilities include 
word search, block memory com- 
pare, word by word memory com- 
pare and stop on equality or non- 
equality acquisition modes. A 
built in RS423 interface enables 
the contents of the acquisition 
memory to be dumped'to a com- 
puter. The inputs are fixed at TTL 
level but optional high impedance 
variable threshold data pods are 
available, Other options inlcude 
an IEEE-488 bus analysis connec- 
tor and a printer interface for 
hard copy. 


The LA-160 weighs less than 
1.8kg (4lb) and is compact enough 
to fit into a toolkit or briefcase. 
The 10MHz version (LA-160A) 
costs £395.00 and the 20MHz 
version (LA-160B) costs £495.00 
the optional extras range in price 
from £7.50 for a logic grabber set 
up to £125.00 for the 32 channel 
extension module, and all prices 
exclude VAT. For further details 
and a list of distributors contact 
Thurlby Electronics Ltd, New 
Road, St. Ives, Cambridge PE17 
4GB, tel 0480-63570, 
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High Sensitivity Relay 


I TT Switches (UK) Ltd claim to 
have produced the most sensi- 
tive single-coil bistable relay 
available. It only requires a40mW 
pulse for 10ms to change it from 
state to state. 

The RZ2T relay bas a two-pole 
changeover configuration and 
uses bifurcated contacts. Being a 
bistable type, it will remain in its 
operated state until a pulse of 
reverse polarity is applied to 
move into the other state. The 


contact bounce time is less than 
0.5ms which ITT claimis ten times 
better than the average perfor- 
mance of similar electromechani- 
cal relays. It is housed in a stan- 
dard DIL PC-mounting case and 
will withstand most normal PCB 
cleaning processes except ultra- 
sonic cleaning. 

ITT Switches (UK) Ltd, 8 Roberts 
Way, Wickford, Essex $S11 8DD, 
tel 03744-66111. 
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THE FINAL LINK 


The loudspeakers are obviously the final link in the hi-fi chain, 
some would say. Not, others would contradict, the room mod- 
ifies the sound so must be counted. They're both wrong, as Vivian 


Capel will demonstrate. 


chain seem crude in construction and design. An 

understanding of these fascinating instruments 
with which we have been endowed can help us identify 
the important characteristics of the sounds that we hear. 
This in turn can shed light on the art of sound reproduc- 
tion and hi-fi. The ear is divided into three sections, the 
outer, middle and inner ear; each section has its own 
specific function. 


The Outer 

The outer ear consists of the appendage known as 
the pinna, and the ear canal terminating in a diaphragm 
stretched across it, known as the ear-drum. The pinna is 
provided not merely for decoration or even to protect 
the ear from the intrusion of foreign bodies, though it 
does both to a certain extent. Its convolutions produce 
reflections which follow the direct sound into the canal 
with minute delays, hence with phase differences. 

The reflections differ according to the angle of 


T he human ear makes all the other links in the hi-fi 
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Fig. 1 Our peatiag system showing the three main sections: the 
outer, middle and inner ear. 
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incidence of the sound, so the resulting phase dif- 
ferences serve as a code to identify direction. The 
auditory section of the brain decodes this information 
instantly to locate the position of a sound source, 

It is commonly believed that source location is due 
entirely to volume and phase differences existing bet- 
ween the two ears. If this were so, our sound location 
would be limited to the front horizontal plane, as it is 
with conventional stereo systems, However, as we have 
the facility of all-round location with vertical identifica- 
tion as well, there is evidently more involved, This can be 
demonstrated by plugging one ear and trying to identify 
the direction ofasou fa source. Itis still SEMDle: though 
the sense of direction is reduced. 

The amount of phase difference generated by there 
being a path difference between direct and reflected 
sound depends on two things: the path difference itself 
and the wavelength of the sound concerned. The first of 
these will depend on the dimensions of the pinna con- 
volutions, and if these are small in comparison to the 
wavelength, the phases difference will be quite small 
and probably undetectable. So, logically, we will get best 
sense of sound location with higher frequencies where 
the wavelengtyh is comparable to the pinna con- 
volutions. 

At mid-to-low frequencies, the wavelength of the 
sound becomes comparable to the head’s size, so com- 
parison of phase between the two ears may help loca- 
tion here. At lower frequencies, it would take pinnas (or 
possibly heads) of literally elephantine proportions to 
give good directional sense, and the practical problems 
In carrying around that lot must outweigh any advan- 
tages for everyone except the elephants themselves, 
However, this is not a major problem, as the majority of 
low-frequency natural sounds do have higher frequency 
components that we can locate satisfactorily. 


The Middle Ear 


The directional-encoded sound travels down the ear 
canal to the ear-drum, or timpanum as it is also called, 
which vibrates in response. The next section, the middle 
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ear, has the function of impedance matching and 
dynamic ee compression. The well-known rule which 
applies in electronics as well as mechanics is that to 
transmit the maximum amount of energy from one unit 
to another, impedances must be similar. Electrical 
impedances are matched between amplifier output 
stages and loudspeakers. by transformers, and the 
mechanical impedance offered by the road wheels of a 
car is matched to the engine torque by the gearbox. 

In the case of the ear, minute air pressure variations 
acting on the ear-drum make this a low impedance 
member, whereas the fluid-filled inner ear which con- 
verts the vibrations to neural signals is of a higher 
impedance. Matching is accomplished by three inter- 
joined bones termed the hammer, anvil and stirrup. The 
first two of these area pair of pivoted levers that produce 
a leverage ratio of nominally 3:1, and the stirrup, or 
stapes as it is also called, communicates the motion of 
the second lever to the window of the inner ear. 

The three bones are held in position by tiny muscles. 
These can cause the pivot position to change and they 
can also stiffen to cause a decrease in the amount of 
movement. Hence these can reduce the sensitivity of 
the whole ear progressively as the input sound level 
increases, This abe ae the ear to handle an enormous 
range of sound levels, the loudest being 10"? times larger 
than the faintest. We can accommodate all the natural 
sounds weare likely to ever encounter — from the rustl- 
ing of leaves to anearby thunderclap — but we can have 
problems with man-made sounds such as the explo- 
ied jet engines and machine tools, to name but a 


Ifthe middle ear were acompletely sealed cavity, dif- 
ferences of atmospheric pressure would cause the ear- 
drum to be stretched inward or outward depending on 
the atmospheric pressure. This would cepnte the three 
connecting bones and upset the sound compression. 
The eustachian tube connects the middle ear to the back 
of the throat, and so maintains atmospheric pressure on 
the inner surface of the ear-drum. 


Inner Ear 


The final bone of the trio, the stirrup, transmits the 
sound vibrations to the window of the inner ear. This is 
shaped like a snail's shell hence its name, the cochlea. It 
is really a long tube rolled up in a spiral. To understand 
what it does we will imagine that it is unrolled as depic- 
ted in Fig. 2. A horizontal membrane divides the tube 
into an upper and lower compartment along its entire 
length except at the end where there is a short gap. The 
membrane ts termed the basilar membrane, the upper 
compartmentthe scala vestibuli; the lower one, the scala 
tympani; and the end gap, the helicotrema. 


HF RESPONSE 


LF RESPONSE 


HELICOTREMA 


if 
Ear DAUM 


OVAL 

winoow | \ 
ROUND BASILAR 
WINDOW MEMBRANE 


SCALA 
TYMPANI 


Fig. 2 Diagram of basic components with cochlea straightened 
out to show various features. 
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The whole tube is filled with fluid and is sealed at the 
far end so thata complete path is formed along one half, 
through the helicotrema and back along the other half. 
The top half or scala vestibuli has at its entrance a 
diaphragm termed the oval window, while the bottom 
one, the scala tympani, is termined at another dia- 
phragm, the round window, 

when pressure variations are communicated to the 
upper oval window by the stirrup, they travel along 
through the fluid to the far end, down through the 
helicotrema gap and back along the lower chamber to 
the round window. As fluid is incompressible, the round 
window serves to absorb the pressure variations and 
dissipate them to he air in the middle ear. 

Nowas those vibrations travel along the upper cham- 
ber they arg through thousands of very sensitive hair 
cells on the upper surface of the dividing membrane. 
These are linked to the nerve fibres that are connected 
to the auditory part of the brain,and their movements 
produce the neural signals along the fibres. 

Total length of the membrane averages 31mm, and 
frequency response is distributed along its length; the 
region near the entrance is sensitive to the high frequen- 
cies, and the region near the end to low frequencies. The 
audio spectrum is divided into 24 bands with 1/3 octave 
spacing, each with its own nerve path to the brain. Cen- 
tre frequencies of each band start at 50 Hz for band 1 up 
to 13.5 kHz for band 24. 

Cut-off outside each band is not sharp but gradual, 
especially on the high side, although it is steeper on the 
low. Thus there is some overlap which fills in should any 
band become inoperative for any reason. Each band 
occupies a definite position along the basilar membrane 
with physical spacings of 1.3mm; spacings are termed 
barks, one bark being the space from one band to the 
next, 


Frequency Response 


The frequency response of the ‘typical’ ear is shown 
in Fig. 3. As can be seen, the response is by no means 
level, and varies considerably with absolute sound 
intensity. 

The figure shows the levels at which pure tones of 
given frequency appear to equal the loudness of a 1kHz 
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Fig. 3 Equal loudness contours. These show the amount of 
sound pressure required to produce sensations of equal 
loudness at various frequencies and volume levels. They are 
therefore the inverse of a frequency response curve. 
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reference tone, averaged over a large group of people in 
the 18 to 25 age range; these curves are now accepted as 
an international standard. 

The most sensitive region at all sound levels is around 
4kHz, with lifts in response at around 400 Hz (for higher 
sound levels) and 12 kHz. The response at very low 
levels to bass and treble is comparatively much lawer 
than at the higher levels, in particular on the bass end. 
This explains why some amplifiers have loudness con- 
trols tolift the bass response at low sound levels, tomake 
the sae sound more’‘natural’ (orsothe manufacturers 
say...) 

with most other abilities, there is a decline in the 
sensitivity of ourhearing with age. Over the age of 30, the 
high frequency response falls off at an increasing rate 
(Augh! — Ed.), and at 60 the response is some 15dB 
down at 3kHzas compared to the age of 20. At 6kHz. the 
response is even lower, at around 25dB down. This pro- 
gressive losss of sensitivity is known as presbycusis. 


Warning Quo Fans! 


Permanent damage can be inflicted on your ears by 
over-exposure to loud sounds. Short periods of over 
indulgence produces atemporary loss of sensitivty, after 
which your hearing will recover. However, if you listen to 
such a sound for long enough, permanent damage will 
occur, and the ‘safe’ time depends on the level of the 
sound, 

There are maximum permitted times for which 
workers in the UK can be exposed to industrial noise, 
and these could be used asa guide; the starting pointis at 
sound level of 90dB, whichis permitted forupto 8 hours. 
From this, the maximum permitted time halves for each 
additional 3dB; so for 93dB, 4hrs maxis allowed; 96dB, 2 
hrs; 99dB, Thr; 102dB, Yehr; 105cB, Vahr; 108d B, 7¥amins; 
111dB, 3%4mins. 

Damage can be greater if the noise contains 
impulsive components caused by percussive sources. 
However, irrespective of the frequency or nature of the 
noise which produced the damage, the effect is always 
the same, a reduction in sensitivity centred around 4 
kHz, ie. the frequency region for speech. Lower and 
higher frequencies are less affected if at all. As the 
damage increases with further exposure, the band of 
affected frequencies broadens until it sometimes 
reaches down to 1 kHz, 

The effect of listening to loud rock music can now be 
appreciated. Unlike classical music where loud peaks 
are interspersed with quieter passages, rock music is 
usually reproduced at a continuously high level, often at 
well over 100 dB. Furthermore, the percussive beat adds 
its toll. So be warned! 


Listening Levels 


What volume level then, should orchestral music be 
eprgueer If too quiet it lacks colour and interest, 
while if too loud, as is more often the case, itis unnatural. 
One reason for this, even if the amplifier can handle the 
eaks without stress, is those aural response curves. The 
requency balance is distorted at very high levels just as 

much as at low ones. For optimum fidelity, the sound 
ressure level at the ears should be about what it would 
e in the concert hall. 

What sort of levels could we expect there? A lot 
depends on the acoustics, the size hall and the position 
of the listener. Taking Bristol’s Colston Hall as an exam- 
ple, from a centre position in the 11th row, considered 
anene ine best, peaks of 86 dB were measured during 
an orchestral concert. On another occasion, in the 9th 
row and with a different orchestra, 90 dB was clocked. 
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From a similar position, during a large scale orchestral 
and choral work, a peak of 94 dB was recorded. 

Those peaks were rare and momentary. The quietest 
passages were pianissimo strings which measured 45 dB 
and were just audible. Woodwind solos were in the 60 
dB range, while most of the orchestral playing was in the 
60-80 dB region. Thus, a dynamic range of some 45 dB 


‘from quietest to loudest is called for which is well within 


the range of hi-fi producers, in fact many exceed this 
Salat sala 

If you are keen on getting the level right, asound level 
meter should be used. Not all are expensive, some are 
available without the sophisticated of professional 
instruments, quite reasonably. However, if you feel 
indisposed to shell out for even one of these, a few com- 
mon sound pressure levels might help to get things in 
perspective. Soft whisper at 1 metre, 45 dB; normal con- 
versation at 1 metre, 65 dB; vacuum cleaner at 1 metre, 
75 dB; cruising motor coach inside, 70 dB; whistling ket- 
tle at 1 metre, 85 dB; pneumatic drill at 1 metre, 110 
dB. 


Decibels 


We've been using the term ‘decibel’ or‘dB’ for some 
time in the article, so it’s about time we said what it is. It 
expressed a logarithmic ratio between two quantities. In 
the case of sound pressure levels, it is between the one 
being expressed and a reference which is the accepted 
thrashold of hearing, 20 wPascals, or 200 pdynes/cm’. 
Being logarithmic, it more closely expresses the per- 
ceived sound levels, because of the ear’s sound level 
compression. A difference of 1 dB is the absolute 
minimum that can be detected, but usually it needs 
some 3 dB difference before a change of level is per- 
ceived. Doubling the sound pressure level produces a6 
dB increase in the logarithmic scale, but a subjective 
doubling of the sound level requires an increase of some 
10 dB which is three times the actual level. 


Identifying Sounds 


Howis it then that we can identify sounds, especially 
musical instruments that are playing the same note? The 
standard explanation is that we do it by means of har- 
monics and overtones. 

When a string or column of air in an instrument vib- 
rates, in addition to the fundamental vibration, there are 
harmonics at twice, three times, fourtimes and so on the 
fundamental frequency. As well ss these various parts of 
the instrument body vibrate at resonant frequencies 
which may be harmonically unrelated to the note being 
played. All these harmonics and overtones produce a 
characteristic pattern or formant which is different for 
each instrument and gives it its special tone. 

Harmonic analysis reveals that the pattern changes 

considerably with some instruments between their 
lower, middle and upper registers. The flute for example 
has few if any harmonics in its upper register, being 
oles one ofthe Satya ag of instruments, yetinits 
ower range it can have up to ten. The bassoon has an 
upper register that is fairly conventional, with strong fun- 
damental and a series of harmonics of diminishing 
amplitude, but its middle compass has a weak fun- 
damental with the second harmonic actually stronger, 
and the following ones irregular in eta ae The low 
register is different again with a very weak fundamental 
ay harmonics increasing in amplitude as high as the 
ifth. 

Also, many instruments have a quite different har- 
monic pattern when played softly to when played 
loudly; the piano is an example. Yet, with all this we can 
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Fig. 4 Formant of glockenspiel: a pure tone with low 
harmonic content; very difficult to identify without starting 
transients. 


Fig. 5 Piano played pp: mainly second harmonic with 
fundamental as seen from broader negative half-cycles. 


Fig. 6 Piano played mf: stronger second harmonic with 
others, mainly even. 


Fig. 7 Trumpet: stronger harmonic content whan piano note 
but not dissimilar, when starting and finishing sections 
removed. Harder sound than piano. 


Fig. 8 French horn; mellower tone then trumpet, but 
similarity in waveform can be seen. 


Fig. 9 Clarinet: distinctive pattern consisting of strong 
fundamental with strong odd harmonics in large number. 


Fig. 10 Violin: large number of harmonics both odd and even 
gives rounder, less incisive tone than clarinet. Yet without 
starting and finishing portions, it is difficult to distinguish 
them (even the violinist had it wrong). 
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still recognise the instruments whatever their register 
and level. 

Clearly something else must be responsible forgiving 
the characteristic sound in addition to harmonic con- 
tent. Another factor which has been suggested is the 


Fs ed of the sound, that is the way it starts, decays, and 


finishes. Percussive instruments produce hi steep 
starting transients, but quickly decay to inaudibility. The 
attack of the bow on stringed instruments is quite dif- 
ferent and the notes can be sustained or even increased 
in volume at the will of the player, and the cessation is 
abruptas the bowis lifted. Wind instruments also havea 
characteristic start and can be sustained or increased. 
Further complications are vibrato, in the case of strings, 
whereby the performer makes small rapid changes of 

itch to give expression, and tremulo with some wind 
instruments such as the flute, which is mainly 
amplitude variations. 


Experiment 


To test the validity of this theory, | set up an experi- 
ment with the cooperation of a small amateur orchestra. 
Six instruments were chosen that were unalike in tone: 
trumpet, French horn, B-flat clarinet, glockenspiel, 
violin, and piano, Each instrument played in turn an 
ascending scale of C-major starting at middle C. Each 
note was played deliberately and slowly, with no vibrato 
or tremulo and duly recorded on a reel-to-reel tape- 
recorder. 

Next, each note was ‘topped-and-tailed’; that is the 
start and finish were edited out leaving only the 
middle portion, and the order of the instruments 
re-arranged. 

Finally, members of the orchestra, members of a 
choir that frequently performed with it, and some hi-fi 
enthusiasts were asked to try and identify the instru- 
ments from the doctored recording. Each participant 
had an answer sheet and was asked to put the name of 
each instrument down as it was heard. They were asked 
not to guess, but put down only if they thought they 
knew the identity of the instrument, and also not to put 
the final one or two down by process of elimination. If 
they were not sure they were asked to leave the space 
blank. All we told which instruments were being played 
but not their order. Some participants were the 
original players. 

In view of this knowledge and familiarity with the 
sound of the instrument, one would expecta high score. 
In fact only 25% got all the answers right, and no instru- 
ment was correctly identified by all participants. A 
breakdown of the correct answers was: trumpet 65%, 
horn 85%, clarinet 85%, glockenspiel 85%, violin 45%, 
piano 70%, 

The trumpet was not too difficult, but it sounded 
strange and foxed 35%; the horn was, to my ears, unmis- 
takable — even so, 15% got it wrong. The clarinet was 
much more difficult, but was given away by a slight 
breathiness on a couple of notes; without this, fewer 
would have got it right. 

In spite of its high score, the glockenspiel was very 
difficult. It was given away by a slight tinkle on one note 
due to insufficient chopping of the starting transient 
when editing. The effect was of a pure clear tone very 
much like the flute. The violin was also difficult, many 
confusing it with the clarinet and vice-versa. It was even 
mistaken for the trumpet and piano in some answers. 


A most peculiar effect was given by the piano, ard 


30% failed to get it right. The sound was more like a 
mellow brass instrument! All participants said that the 
test was difficult, and many, though giving the right 
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answers, said they were not entirely certain. 

So, the conclusion is that starting transients in par- 
ticular, and the decay and termination in addition, play 
an important part in the recognition of musical sounds. 
This emphasizes the need of good tranisent response 
and avoidance of transient distortion in amplifiers and | 
speaker systems. On the other hand, a perfectly level 
response in the upper region, though desirable, is of less 
importance because the harmonics that fallin this region 
vary so much in amplitude. This is possibly the reason 
why many speakers, though having a rocky-looking tre- 
ble response, sound perfectly acceptable. large peaks 
though, should be avoided foranotherreasonas we shall 
see, 


Listening Fatigue 


A strange effect this, and often unsuspected. After a 
spell of listening to recorded music, various pers 
may arise. These can range from a mild feeling of having 
heard enough, to feelings of unease and actual irritation. 
It may not be actually associated with the sound heard, 
but these nevertheless are the cause. 

So what causes listening fatigue? Distortion is cer- 
tainly one of them. Even harmonics generated by the 
reproducing equipment, although related as harmonic 
distortion are harmonious with the fundamentals and 
can be tolerated in quite large doses. Odd harmonics are 
dissonant, and small amounts can be unpleasant. 
Crossover distortion, inherent with simple class-B out- 
put stages, consists mostly of third harmonics. Although 
reduced to very lowlevels by sophisticated design, itcan 
still have an effect, even if to a lesser extent. 

Another cause is intermodulation distortion. Here, 
harmonically unrelated spurious frequencies are 
generated by the interaction of two signal frequencies. 
Complex waveforms consisting of many frequencies 
can generate an abundance of spurious ones, and nearly 
all discordant, This too can result in fatigue. 

A further cause is excessive high-frequency 
response. Peaks in the treble can over-emphasize the 
natural harmonics of the musical instruments. The effect 
may be an apparent brilliance which is not unpleasant, 
but even stimulating to start with, yet can soon produce 
fatigue symptoms. 


Holophony 


Acouple of years ago (in July 1983) we published an arti- 
cle on Holophony, and for fuller information you should 
look there. However, since that article was published, 
the editor has had a chance to discuss the holophony 


with the inventor, Hugo Zucarrelli, The basis of his theo 
is that the ear actually emits a sound of its own, whic 
interferes with the incoming sound. This interference 
pattern is decoded by the cochlea, which, with sound 


travelling in structure aS a _ sonic 
interferometer. 

As readers will guess, reactions to this sort of theo 
have ranged from polite disinterest to noisy dismissal. 
This hasn't been helped by the somewhat disappointing 
results on the holophony demonstration record, or 
Hugo Zucarrelli’s rather secretive attitude towards his 
invention, However, he certainly convinced the editor 
that the standard explanation for how we locate sound 


sources is inadequate. 


opposite 
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Over-efficient loudspeaker tweeters, spurious 
oscillation in cross-over networks, and tweeters that 
beam sound directly at the listener can all be respons- 
ible, Boomy bass can be fatiguing, though this is less 
heard nowadays than it used to be. . 

Some interesting experiments were conducted at 
oe College, Cambridge, by DrG Crossin the early part 
of the last decade, on listening fatigue. It was found that 
valve amplifiers produced less fatigue than transistor 
ones, At that time crossover distortion was more pro- 
nounced with the then current transistor designs, 
whereas many valve amplifiers Operated in class-A. 
However, another possible contributing factor is the 
extended HF response of transistor amps compared to 
that of valves. Transient distortion is another amplifier 
defect that could have an aural effect. It is caused by 
delay in the negative feedback signal reaching an earlier 
controlled stage, so that it is too late to reduce sudden 
transient signals. The result is an overloaded stage and 
severe distortion. However, because it passes quickly it 
may not be consciously noticed. 

Dr Cross also found that fatigue was produced when 
the reproducing system was upgraded, This was 
explained by a frame of reference being established by 
the inferior equipment. If used for a period, this is taken 
as ‘normal’. This difference in performance of the new 
system, say an improved HF response, violates the 
established frame of reference. In time, the new system 
itself becomes accepted as the norm, but during the 
adjustment period, fatigue symptoms can be en- 
countered, 

Yet another effect could be described as the ‘new 
equipment anxiety syndrome’. This is possibly more 
likely with hi-fi enthusiasts than with listeners who buy 
equipment just to listen and enjoy the music. 
Enthusiasts tend to be very critical, sohaving spent much 
time and effort evaluating different products, then 
finally taking the plunge and acquiring a particular outfit, 
there is anxiety, conscious or unconscious, as different 
favourite records are played, lest the new purchase be 
found wanting in some respect. 

This could explain why those folk who are constantly 
changing their equipment never seem to get any real 
enjoyment from it, and so make yet another change — 
they are in a constant state of anxiety! 

Listening fatigue though is not brought on only by 
reproduced sounds. Dr Cross’s research was intially 
stimulated by the fact that some lecturers at the college 
were holding students’ attention while others with the 
same material and teaching techniques were not. It was 
found that the voices of the unsuccessful ones were in 
fact producing listening fatigue which affected attention 
and also retentivity of students. 

One interesting fact that came to light was that 
female voices were less likely to produce fatigue than 
male. Apart from the possibility of the students being 
predominantly male, hence more likely to be attentive to 
a female speaker, a possible explanation for this is the 
harmonic content of the female voice. Although the 
female voice is pitched higher than the male, it has fewer 
harmonics, hence a purer tone. The male voice, though 
deeper, has more harmonics and therefore extends 
higher in the overall frequency spectrum. As we have 
previously seen, an excess of high frequencies, or promi- 
nent harmoncis can result in fatigue. 

We do not know all the mechanisms and psycho- 
logical effects that are involved between the outer ear 
and the sensations of sound produced in the brain, but 
the outline here presented should help us appreciate 
the equipment with which we have been endowed and 
how it relates to reproduced sound in our homes. 
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RS232 I/O FOR 


ZX81 OR | 
SPECTRUM 


Designed for use with either the ZX81 or the spectrum, this 

project is for those whou would like to be able to communicate 
with printers and other computers. Design and development by 
Peter Moore in conjuction with Newtech (Micro) Developments 


Ltd. 


his RS232 interface provides 
T a wide range of software pro- 

grammable baud rates anda 
true positive/negative voltage 
swing at its output. The facility is 
provided for a‘ready signal from 
external equipment to be read by 
the computer and the interface 


Function 

‘Ready’ line input 
‘Ready’ line output 
0V/GND 


Serial output (TX) 
Serial input (RX) 


provides its own ‘ready’ signal for 
external equipment. The interface 
plugs into the rear edge connector 
of your ZX81 or Spectrum anda 
rear edge connector is provided so 
that further periperhals can be 
plugged in behind. 


Construction 


All the components used in this 
project are mounted on a single 
sided fibreglass PCB. There are fif- 
teen links to be made on the PCB 
not counting the pads marked A, B 
and C. These pads are used to 
select either an active high (logic 
1) or active low (logic 0) ready 
signal from the RS232 interface: if 


Fig. 1 Overlay diagram of the interface board 
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you link A to C the ready out signal 
will be active high; linking A to 
will select an active low signal. 
Decide which you require and 
solder a link accordingly. 

Solder the remaining fifteen 
links in position; note that three of 
these are located beneath ICs 1, 2 


PARTS LIST 


RESISTORS (all 44 W 5%) 
R1 10M 
R2,3 1k0 


CAPACITORS 

C1,2 56p 

C3,4 10. 16V 
electrolytic 

cs 220. 16V 
electrolytic 

C6 100n ceramic 


SEMICONDUCTORS 
74177 
47028 
AY-3-1015 
74LS32 
74LS00 


7660 

1488 

7805 
1N4148 
BZY88C4V7 


MISCELLANEOUS 

x1 2.4576 crystal 

SK1 23 + 23 way ZX81 
Spectrum edge 
connector 4 

S$K2 5 way 0.1” PC plug 
and in-line socket . 

PCB; rear edge connector strip; IC! 

sockets: 1 off 40 pin, 1 off 16 pin, 5 off, 

14 pin, 1 off 8 pin; wire, solder, etc. 


and 3; you may wish to solder 
these on the copper side of the 
board, in which case use insulated 
wire, 

Next insert and solder the two 
diodes D1 and D2 and Zener 
diodes ZD1 and ZD2, making sure 
they are the right way round. 
Solder resistors R1 (10M) and 2 
and 3 (1k0). 

Now insert and solder the IC 
sockets one at a time taking care 
to ensure that all pins are soldered 
and that there are no solder 
bridges across any of the PCB 
tracks, 

Solder IC9 in position taking 
care to mount it with the flat, all- 
metal side facing the nearest edge 
of the PCB. Insert and solder 
capacitors C1 to C6: C3,4 and 5 
are electrolytics, so be careful to 
get the polarity right on these. 
Insert the solder crystal X1 and 
0.1” PC plug $K2. 

Finally, insert the edge connec- 
tor and solder it, leaving a gap of 
5mm between the body of the 
connector and the PCB surface. 

If you wish to be able to plug 
further peripherals in behind your 
RS232 interface you will need to 
solder the ege connector strip 
(supplied in the kit) to the rear of 
the PCB behind SK1. Place the 
edge connector strip between the 
pins of SK1 (see Fig. 2) and, witha 


PCB (COPPER SIDE) 
EDGE 
CONNECTOR 
REAR EDGE 
CONNECTING STRIP 


Fig. 2 Connecting the rear edge 
connector. 


pair of pliers or pincers, gently 
squeeze the two rows of pins 
together so that they touch their 
corresponding tracks on the edge 
connector stip. Make sure that the 
key edge connector strip is at the 
same end as the key of $K1 and 
then solder the edge connector 
strip into position taking care not 
to allow solder to flow back onto 
the copper side of the PCB. 


Before inserting the ICs, make 
a final check of all your soldered 
joints and make sure there are no 
solder bridges across any of the 
PCB tracks. Carefully insert the ICs 
making sure that they are the right 
way round, in the right sockets (!) 
and that no IC pins become bent 
under their respective ICs. 

You can check that your RS232 
interface is working correctly b 
temporarily connecting SO and SI 
directly together; data sent to the 
RS232 board to be transmitted 
should appear at the RS232 input 
port. 


Programming 


The RS232 interface provides 
software control over the 
transmission/reception baud rate, 
the number of data bits per 
character and the number of stop 
bits appended, Programming is 
accomplished by means of a data 
byte written to the interface 
board’s status port (see Table 2).A 
logic 1 in bit D7 (TSB) will select 
two stop bits while logic 0 will 
select 1 stop bit. 


Bits/char 


Table 3 NB1 and NB2 programming. 
Note that the Bits/char figure excludes 
stop and start bits. A combination of 
two stop bits and five bits per 
character will result in 1% stop bits. 


NB1 and NB2 select the num- 
ber of data bits per character (see 
Table 3). Where the number of 
data bits per character is five and 
the number of stop bits selected is 
two, 1% stop bits will be appen- 
ded. To select (for example) two 
stop bits, eight bits per character 
at 1200 baud: 1111 1011,= FBi¢ 
= 251, (D4 is unused and can be 
either 0 or 1). 

Three bits read from the RS232 
interface’s status port indicate the 
current state of the UART and the 
equipment it is communicating 
with (by means of the ready line) 
DAV is the UART data available 
flag: this will be logic 1 when data 
(which has‘not yet been read by 
the computer) has been received 
by the UART. DAV connects to 


D4 


D3 D2 D1 DO 


motused 
Baud rate selected 


Table 2 Significance of bits used to program the interface. 


1C3 is an AY-3-1015 UART (Universal 
Asynchronous Receiver/Transmitter). 
One of the most useful devices ever 
produced, it is designed to interface 
serial to parallel and parallel to. serial 
data channels. 

The AY-3-1015 consists of two main 
sections: a transmitter, which converts 
parallel data Jatched into the IC into 
serial form, adds start and stop bits 
and transmits the data from its serial 
output, and a receiver which converts 
serial data appearing at the serial input 
to parallel data. 

The UART requires a clock signal 
sixteen times the required baud rate; 
I1C2 is a programmable baud rate 
generator which, in conjunction with 
crystal X1, R2, C1 and C2, supplies a 
range of software programmable baud 
rates. 

UART flag TBMT (Transmitter Buffer 
Empty) is at logic 1 when the UART 
can receive further data to be transmit- 
ted in serial form. The state of TBMT 
and the ready input line RDY (for 
transmitting data) and DAV (Data 
Available) for receiving data are read 
into the computer by a read from the 
status port (A6=0). 

When such a status read operation is 
made, the output of IC4d is taken to 
logic 0; this line is taken to IC5c 
(whose output is connected in open 
collector fashion to D6), IC5c then 
communicates the current state of the 
ready input to the computer data bus, 
1C4d’s output is also connected to the 
SWE (Status Word Enable) input of the 
UART; when SWE is taken to logic 0, 
DAV and TBMB (which are tri-state 
outputs) are enabled and pass the 
current UART status to data bus line 
DO and D7 respectively. 

Data to be transmitted in serial form 
is latched into I1C3 by DS being 
strobed to logic 0. When IORQ, A7 
and WR are at logic 0, DS will 
be taken low latching the data on the 
data bus into the UART. The UART 
converts this data into serial form add- 
ing start and stop bits (no parity — NP 
is connected to Vcc) and outputs it to 
the UART serial out (SO) line. 

IC8 is an RS232 line driver 1C which 
inverts the serial data providing approx 
+ 9 volts for a logic 0 input — 9 volts 
for logic 1, 1C8 is powered from the + 
9 volt line from the computer; it also 
requires a negative supply of similar 


Baud rate 


DO 
0 
1 
1 
0 
0 
1 
1 
0 
1 
0 
1 
1 


pn oss30+0-0-009 
eooAcosasaaa0 0G 
eons s400+02239 


0 


Table 4 Baud rate selection. 
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Fig. 3 Circuit diagram. 


voltage. 1C7 is a voltage converter IC 
(also powered from the 9 volt line) 
which produces a negative voltage at 
its output (C4 is shown connected the 
right way round with its positive lead 
connected to GND). 

Serial data appearing at the RS232 
interface’s serial input is clipped to TTL 
levels by ZD1 and R2; 1C6d buffers and 
inverts this signal before sending it to 
the UART’s serial input. The start bit of 
data received at this point is a logic 0; 
data arriving at the UART serial input 
resets the latch formed by IC6b and c 
to indicate a ‘not ready’ state to the 
equipment transmitting data to the 
interface board. When data is read 
from the UART (by taking RDE, Read 


data bus line DO during status read 
operations. 

TBMT is the UART transmitter 
buffer empty flag and is at logic 1 
when the UART can receive 
further data for transmission. 
TBMT is connected to D7 during 
status read operations. 

The ready line (RDY IN) indi- 
cates the state of the devices with 
which the RS232 board is com- 
municating: depending on this 
piece of equipment, RDY will be 
either 0 or 1 when further data can 
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Data Enable, to logic 0) this latch is set 
once again indicating ‘ready’ (ie that 
the UART can receive further serial 
data). Both outputs of the latch are 
made available to provide a choice of 
active high or active low indication, 
selected by means of a wire link on the 
PCB. . 

Indication to the computer that the 
UART has received a byte of data is 
supplied by the UART’s DAV (Data 
Available) flag. This line will be at logic 
0 except when the UART is holding 
data received from its serial input 
When the UART is read by the com- 
puter DAV is reset by RDAV (Reset 
Data Available) being taken to logic 0 
together with RDE (Read Data Enable) 


be transmitted. RDY connects to 
Dé during status read operations, 


Spectrum Programming 


Two IN/OUT port addresses 
are used by the RS232 Board: 
OUT 65471 is the (status out) pro- 
gram port; ; 

IN 65471 is the status input port; 
OUT 65407 is the data output 


port; : 

IN 65407 is the data input port. 
Before being used to transmit 

and receive data, the UART should 


Ccse( behead IN 


Zb2 


NOTES: 

1C1 = 74177 

1C2 = 47028 

1C3 = AY-3-1015 
1C4,5 = 74. S32 
IC6 = 74LS00 


C9 = 7805 

01,2 = 1N4148 

ZD1 2 = BZY88C4V7 
X1 = 2.4576 MHz XTAL 


which places the data received by the 
UART onto the data bus. 

The number of data bits, stop bits 
and the baud rate are programmed by 
a wire operation to the status port. 1C1 
is a quad latch IC whose inputs are 
connected to data bus lines DO-D3. 
Data is latched into IC1 by a negative 
strobe in its PL (Parallel Load) input 
(due to 1ORQ = A6 = WR = 0) 
supplied at the output of 1C5a; this line 
is also inverted by 1C6a to provide a 
positive strobe for the CS (Control 
Strobe) input of the UART. This 
strobes the required number of bits 
per character and number of stop bits 
(the data on TSB, NB2 and NB1) into 
the UART. 


be read (to reset DAV if necessary 
and also the ready output line) «. 
and the required baud rate, num+' 
ber of data bits per character and 
number of stop bits required 
should be written to the status 


port, eg: 
10 PAUSE 1: LETA=IN 65407  - 
20 OUT 65471, x 


where x is the UART programming 
data. 

The subroutines listed in Fig. 4 
could be used for data input/ 
output operations, An alternative 


25 


) 


PROJECT : RS232 


1 REX (reserve 
1000 REM Spectrum subroutines - input data ip FOR F = 16514 TO 16559 a) 
Jif PAUSE 1: LET a= IN 65471: IF a/2=INT (a/2) THEN GO TO 1019: 1s PRT F , 
REM loop if DAV=a 
1g2@ PAUSE 1: LET a=IN 65497: RETUPN @ THVT A 
1@3@ REM Outputting data 25 PRINT N 
104@ FAUSE 1: LET a=IN 65471: IF a¢192 THEN GO TO 1640: REM lsop ¥ POKE Fy N 
if RDY or TBMT =f 
1650 OUT 65497,n: RETURN 35 NEXT F 
16514 1 LD BC,m Entry point for data input 
16515 191 c status port 
16516 1 b 
{GIS REM Alternative line 1948 16517297 tae, ta) 
1949 PAUSE 1: LET a=IN 65471: IF a¢i23 OR a>191 THEN GO TO 1948 1651813 ie ‘i 
A A 16519 23 Bit b,r 
Fig. 4 Spectrum subroutines. 16526 bm, rs 
16521 2p RET Z 
16522 5 DEC B 
1 REM Program to output at string of data to a printer 16523 ad LD Gn 
190 INPUT i#: LET 1®1@+CHR® 13; REM i® ends with carriage retu 16524127 data port 
a 16525 ° 237 In r, (c} 
119 FOR f=1 TO LEN i: LET n=CODE is(f) 1652672 mc 
128 GO SUB 1638: NEXT F: GO TO 196 16527 ft RET 
16$28 1 LD BC,mn Entry point for data output 
Fig. 5 Spectrum program to output a string of data to a printer. pod - sista pirt 
16531 237 In r,{e) 
16532 12 mA 
16533 246 OR, n 
16534 63 o mask 
16535 254 CP,n 
16536 9-255 n teat for TBHT » Ady = 1 
16537 192 RET Nz 
16538 $s DEC B 
16539 62 LD An data to be output 
16546 g POKEd 
16541 241 OUT (n),A 
16542 127 
16543 2h RET 
16544 62 LD An 
16545 g POKEd UART program data, 
16546211 OUT (n),A program UART 
16547191 n 
16548 = 219 IN (A},n 
16549 9 127 n clear DAV 
16556 = 2p RET 
Fig. 6 ZX81 BASIC machine code 
subroutine, with a program to get it 


line 1040 is given where the ready 
line from the Sty pee with 


which the RS232 Board is com- 
municating is active low (logic 0). 
Fig. 5 gives an example of a short 
program which will output a string 
of characters typed into the Spec- 
trum to a printer, 


ZX81 Programming 


Since the ZX81 has no IN and 
OUT commands, three short 
machine code routines are used 
(see Fig. 6). Before being used to 
transmit and receive data, the 
UART should be read (to reset 
DAV if necessary and also the 
ready output line) and the 
required baud rate, number of 
data bits per character and num- 
ber of stop bits required should be 
written to the status port, eg: 

10 POKE 16545, x 
15 RAND USR 16544 
where x is the UART program data. 

To read data in from the RS232 

input port use: 
LET A=USR 16514 
The subroutine checks the 


state of DAV and, if DAV =1, inputs 
the data and returns it in variable 
A. Since it is highly undesirable 
(from the user's point of view) for 
the computer to enter a machine 
code loop (if DAV is 0), the 
subroutine returns whether or not 
new data has been received; if it 
has, A will return holding a number 
greater than 255, otherwise A will 
of course) be less than 256. 

Fig. 7 gives a BASIC subroutine 
that could be used to wait for the 
input of a byte of data. 

To output data to the RS232 port, 
use: 


POKE 16540, x 
LET A=USR 16528 
where x is the data to be output. 
As before, the subroutine does 
not cause the computer to enter a 
loop if TBMT and/or RDY is inac- 
tive. The number returned in A will 
be less than 256 if the data has 
been output, otherwise A will be 
greater than 255. 
Fig. 7 also gives a short BASIC 
subroutine that could be used to 
output data. 


into the memory. If RDY is active low, 
data for 16536 should be 191. 


REM INPUT DATA SUBROUTINE 
LET A= USR 16514 

IF A 255 THEN GOTO 1p5 

RETURN 

OUTPUT DATA SUBROUTINE - N HOLDS DATA BYTE TO BE OUTPUT 
POKE 16549 , N 

LET A= USK 16528 

IFA 
RETURN 


255 THEN GOTO .1ph9¢ 


Fig. 7 ZX81 machine subroutine. 


BUYLINES 


All components used in this project 
with the exception of the PCB are 
readily available from electronic com- 
ponent suppliers, The PCB is available 
from Newtech (Micro) Developments 
Ltd. for £5.80. Newtech also supply a 
full kit of parts for the project at 


£28.95 and will also supply the RS232 
interface built and tested and mounted 
in a case for £33.95, These prices are 
all inclusive. You can find Newtech at 
1, Courtlands Road, Newton Abbot, 
Devon TQ12 2jA. 
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As a preamble to a discussion on the nasties of transistors, John 
Linsley Hood reveals that the carbon diode (more accurately, the 
coke diode) pre-dated germanium and silicon types. 


en | was about nine years old, my grandfather 

gave me an old crystal radio to play with. This 

was one which he had made for himself, and 

used during the 1920s. My own reaction was that if ithad 

worked once, it should work again, so | took it all to 

pieces, and cleaned it most carefully and put it back 

together, and indeed it did work again, though the ‘crys- 

tal’ was a bit decrepit and it needed a lot of patience to 
find a workable spot for the ‘cats whisker’. 

This set me to experimenting to see if | could find any 
useful substitute for the now rather eroded lump of lead 
sulphide, and | found in due course that a piece of 
domestic coke would work quite well. The reason why a 
crystal and ‘cats whisker’ works at all is shown in Fig. 1, 
and, surprisingly this forms the foundations for the 
whole of present day semi-conductor electronics. 


CATS WHISKER 
{SILVER OR COPPER) 


DEPLETION ZONE 


(RANDOMLY DISTRIBUTED CHARGES) 
CRYSTAL 
(LEAD SULPHIDE} 


Fig. 1 Generation of a depletion zone at point of contact bet- 
ween a metal cat’s-whisker and lead sulphide crystal (greatly 
magnified in dimensions). 


At a junction between a conductor (the copper or 


silver wire ‘cats whisker) and a semiconductor (the 
occasional small areas ona crystal of lead sulphide, or, in 
my case coke), a‘depletion zone’ willarise in which elec- 
trons from the semiconductor will be absorbed by the 
conductor, leaving a region empty of electrons 
surrounding the point of contact. Current can now pass 
from the conductor into the semiconducting —now 
empty — region, but not conversely, unless a fairly high 
potential is applied; the junction acts as a rectifier. 

In the case of a metal/semiconductor junction, the 
current vs. voltage characteristics of such a junction are 
as shown in Fig. 2 with the bit of the graph just around the 
origin expanded, This kind of characteristic is helpful if it 
is to be used as a detector in a crystal radio, since the 
voltages available at the rectifier are extremely small, vir- 
tually just what comes out of the aerial wire multiplied by 
the Q of the aerial tuned circuit; so y kind of ‘dead 
space’ around the zero voltage point on the graph would 
cause the signal to be lost. 


+ 


CURRENT (uA) 


+ WHISKER 
VOLTAGE (mv) 


Fig. 2 Non-linear 
behaviour in cat’s 
whisker current/voltage 
characteristics at cat’s 
whisker contact on 

lead sulphide. 


This type of crystal/cats whisker diode was employed 
GE DDE EIS wer vente wh eaomialverynt h frequency rec- 
tifier diodes were needed for use as detectors (ie. rec- 
tifiers) atthe input of centimetric radar receivers. Since it 
was not possible at that time to amplify the RF signals at 
those frequencies, all that could be done was to 
demodulate the RF input from the aerial, and then 
amplify the resultant relatively low frequency pulse 
signals. 

The type of construction employed is shown in Fig. 3, 
and the semiconductor employed was a tiny chip of as 
nearly as possible single-crystal silicon. If the surface was 
carefully cleaned and etched, almost any point on it 
would work, and the ‘whisker could be kept in place 
with a filling of some hard wax, provided that this didn’t 
seep between the metal whisker and the crystal 
surface. 

So far as | was concerned, my experiments with crys- 
tal radios were a dead end, and as soonas pocket money 
and circumstances allowed, | moved up to thermionic 


CERAMIC TUBE 


METAL END 
CONNECTOR 


METAL END 
CONNECTOR 


SILICON 
CRYSTAL 


Fig. 3 War-time British ‘Schottky’ diode style radar signal rec- 
tifier and mixer. 
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valves — nice shiny things, whose glass envelopes could 
be polished, and which always worked if their filaments 
were intact. These were much more predictable than 
crystals and cats whiskers, and they could be used to 
amplify signals which crystals could not. 

However, in the USA, Shockley and his colelagues at 
the Bell Telephone Labs. had not Le aed the crystal 
diode, and were actively considering the ways in which 
this could be made to amplify. Their approach was that 


shown in Fig. 4. 
¢c E 
me ov 


Fig. 4 Early point- «ve 
contact transistor. 
SEMICONDUCTOR 
MATERIAL 
(BASE) 


cOLLECTOR 


OEPLETION REGION 


Point Contact Transistors 


This type of device operated on the principle that a 
region of semiconducting material — by which | mean 
things which are neither metallic (and therefore good 
conductors) nor insulating (materials like germanium, 
silicon, and some forms of carbon, are examples) — 
depleted of electrons by its contact with a conductor, 
would allow an input of electrons, but would now allow 
an outflow. 

However, Shockley and his colleagues, Bardeen and 
Brattain, reasoned that if two-point contact diode ‘whis- 
kers’ were very close together, then currentinjected into 
the semiconductor by one metal point, and which would 
only need a low potential to achieve this forward con- 
duction, might be swept up by the other, reverse- 
biassed diode and cause a current to flow in this where 
previously there had been none. The advantage of this 
would be that a relatively high voltage, several volts 
perhaps, could be applied to the collector whereas only 
a fraction of a volt would be required at the emitter — as 
the forward-biassed point was named. 

Happily, the idea worked, and because the main 
characteristic of such a point contact device was that 
the resistance of the input electrode was low, whereas 
that of the output, reversed-bias electrode was high, the 
device was knownasa transfer resistor (it transferred the 
current from a low resistance circuit to a high resistance 
one) or transistor for short. ; 

The proportion of current which was actually 
transferred from one electrode to the other was known 
as alpha (a), and this was a measure of the skill in getting 
the points close es eg Ideally it would be unity, 
which would imply that all the electrons emitted would 
be collected. Curiously, though, it could sometimes be 
higher than this if the interaction of the injected elec- 
trons with the base material caused new electrons to 
be generated. 

a this type of transistor to work, the base material 
would have to be one having a deficiency of free elec- 
trons in its structure. Nowadays we would refer to this as 
P-type material. 


Junction Transistors 


Understandably, the kind of transistor which Shoc- 
kley and his colleagues first developed would have been 
very tiresome to try to manufacture on any sort of com- 


mercial scale, so the scheme shown in Fig. 5 was used 
instead, in which a slice of germanium was etched away 
from both sides by jets of hydrofluoric acid until the two 
cavities almost met. Point contact wires could then be 
applied from either side and would be separated is 

the 


region which was as narrow as the thickness of 
residual base material. 
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EMITTER 
(WIRE 
CONTACTS) 


COLLECTOR 


EMITTER 


COLLECTOR 


Fig. 5 (left) Commercial point-contact transistors. 


Fig. 6 (right) Improved point-contact transistors offering 
greater immunity to mechanical shock. 


This was better, but still a bit awkward to make and 
not very shock proof. The answer to this was to replace 
the wire point contacts with deposited blobs of metal, as 
shown in Fig, 6. If these were made of Indium, this would 
diffuse into the P-type base, causing an N-type region 
which would work just as well as a metallic whisker con- 
tact. The final development of this system came with the 
structure shown in Fig. 7, where the base was just a thin 
layer of mono-crystalline germanium 10 to 20 thous, 
thick, with indium blobs applied to either side, and then 
heated to cause it to diffuse inward, 


. . ‘ * EMITTER 
Fig. a First true junction CONNECTING 
transistor. WIRE 
(DIFFUSED 
IMPURITY 
REGIONS) 


INDIUM BLOB 


COLLECTOR 
CONNECTING 


INDIUM BLOB 


The closer the two diffusion layers got together the 
higher the current gain would be, so it was a matter of 
some skill in the making of such devices to stop just in 
time, If the two inward diffusing regions met in the mid- 
dle — like Aunt Emily's shingles — the result would be a 
defunct device. As an extension of this, if the user 
allowed the device to get hot, the diffusion would con- 
tinue, and the transistor’s current gain would get higher 
and higher, until finally it would short-circuit. 

Silicon would be a better material to use from the 
point of view of its thermal stability, but it had not been 
favoured in the earlier transistor types because of the dif- 
ficulty of obtaining high current gains. Speaking from the 
point of view of atraditional two-sided diffused junction 
transistor, current gains in the common emitter mode 
(8) of 50-100 could be obtained with germanium, but 
only in the pree 15-25 with silicon. 

This difficulty was resolved when the planar form of 
transistor construction was invented by the Fairchild 
Instrument Corporation. This is shown in Fig. 8. 


Planar Transistors 


These employ a thin wafer of very high purity mono- 
crystalline silicon as the substrate, doped witha suitable 
trace quantity of some impurity. For example boron will 
give a P-type result, and arsenic will make an N-type 
material. These impurities can be diffused into the crys- 
tal slice, from one side only (the term planar is supposed 
to imply this), and if a normally N-type substrate is dif- 
fused with sufficent P-type impurity, through some sort 
of vapour resistant diffusion mask, the result will be a P- 


of 


Mono-crystaline N-type 
wafer, oxidised on one side. 


Access hole etched through 
oxide layer. 


(2) 


P-type impurity diffused 
through hole in oxide layer 
to form base region. 
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Crystal wafer re-oxidised. 


Smaller access hole etched 
through new oxide layer. 
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N+ type impurity diffused 
through new access hole to 
form emitter region. 


(i 


mL: Crystal wafer re-oxidised. 

(7) 

——— Nt Further access holes re- 

Dy ST etched to give contact points 
ZL. I, to E and B regions. 


Wafer metalised through 
access holes and wire 
connections spot-welded to 
metalised layer. 


ecomes hot, both regions will diffuse — if they do at all 
— inthe same direction,sothe problem of them meeting 
head-on is lessened. 
However, the main advantage of this kind of con- 
struction is that it is possible to make many hundreds of 
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Fig. 9 Typical diffusion - 
lay-out for small-signal S 
silicon planar 
transistors. 


oe 
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transistors at a time on a single thin wafer of silicon. 
Nowadays these can be 5 or 6 inches in diameter, so, 
with a transistor occupying a chip probably only 0.1” 
square, the possible output per wafer can be visualised, 


This has brought the cost of such devices down dramati- . 


cally, so that to a manufacturer who buys in bulk, small 
ane transistors will not cost much more than 1p 
each. 


Epitaxial Planar Transistors 


These are a development of the basic planar con- 
struction of Fairchild, with the difference that a thin layer 
of monocrystalline material is grown onto the surface of 
the wafer, as in Fig. 10, before the selective diffusion pro- 
cesses are begun, to arrive at the cross sectional struc- 
ture shown in Fig. 11. This has the advantage that the 
base region is now formed in the epitaxially grown layer, 
and this will have just one impurity element, not two. 


Fig. 10 Composite (two-layer) 
crystal slice used in epitaxial base 
transistor manufacture. 


EPITAXIALLY GROWN 
(FROM VAPOUR PHASE) 
CRYSTAL LAYER 


Fig. 11 Epitaxial base type transistor 
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This is advantageous because the breakdown 
voltage of a transistor is determined by the base region, 
and a singly-doped layer will have better characteristics 
thana doubly-doped one. Alsothe emitter base junction 
will have better characteristics because the emitter will 
now have only two diffused — added — impurities 
instead of three. 

Most modern small-signal transistors are of the 
epitaxial base Nye because they are easier to make in 
good yields, and are as good or better in performance. 
There is also a small advantage in the noise charac- 
teristics of epi-base devices, in comparison with straight 
elo aaa planar ones, which is an added 

onus. 


Junction Transistors — How Do They Work? 


The method of operation of the common base (ie, 
base connected tothe common or OV line, and Me Inpaty 
signal applied to its emitter) point-contact transistor, 
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sketched above in Fig. 4, is fairly easy to grasp; however, 
the way in which a common emitter junction transistor 
works is very much more difficult to visualise, or explain 
in any manner which would both be simple and also 
would reconcile the several priyieaieonicepts now 
accepted by the solid-state physicists. However, it is 

ossible to offer a modem which doesn’t take too many 
iberties with the accepted theories, and yetis fairly easy 
to follow. This is as follows. 

Consider the semiconductor sandwich which | have 
sketched in Fig, 12, made from two layers of N-type 
semiconductor material, on either side of athinslice ofp. 
type. Now if a good connection is made to the P-type 
material (and for good transistor performance this is very 
necessary) and this is connected to the battery at the 
same point as the lower N-type slice, then the N-type 
region at the bottom of the diagram and the P-type 
region in the middle of the sandwich will be at the same 
potential. There is therefore no incentive for electronic 
current to flow from the (electron rich) N-type zone into 
the P-type (electron deficient) middle layer, so this 
remains short of mobile electrons, and when switch SW1 
is closed, no current flows through the load resistor (R1) 
or the meter, 


Fig. 12 Semiconductor wi ins 
sandwich (see text). 


oe 
ELECTRONIC 
CURRENT 


However, if the voltage on the fe dine layer is 
gradually increased by a potentiometer, as shown in Fig. 
13, eventually the forward bias on the middle layer will 
become high enough for electrons to be attracted from 
the lower — let us call itthe emitter — N-type region into 
the middle P-type slice. If this layer is thin then most of 
these will be drawnacross this ae intothe top N-type 
zone — which | propose to call the collector — and 
current will flow in the load resistor and meter. 


Mi 


Fig. 13 Semiconductor sandwich with voltage applied to the 
P-type layer. 


The amount of current which will flow in the one 
region, which | propose to call the base, will be the dif- 
ference between the number of electrons leaving the 
emitter region, and the number whichis promptly swept 
up by the positively charged collector region. If all of 
them were to be lost to the collector, there would be no 
current flow in the base at all. | am not sure what would 
PaBpeEN then! 

he way in which the current flow in the collector cir- 
cuit varies, as the voltage applied to the P-type base 
region in the middle of the sandwich is increased from 
OV upwards, is shown in Fig. 14. and | have shown the 


COLLECTOR 
CURRENT 


Fig. 14 Collector 
and base 
currents in 
silicon junction 
transistors. 
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base current flow in the same diagram. Conventionally, 
the ratio of total currentto base current (1,/1,) isknownas 
the current gain or beta (f). 

Several important conclusions can be drawn from 
this model. The first of these is that the thinner the base 
eae the higher the current gain will be. Also, since the 
only thing which stands in the way of current flow from 
the emitter to the collector is the thin base region, the 
thinner this is, the lower the collector-emitter break- 
down voltage will be, though this also depends on the 
doping levels and extent of unwanted impurities in the 
three regions. Nevertheless, a transistor with a high 
current gain is likely to have a lower c-e breakdown 
voltage than a transistor with a low beta. 

Another point which can be inferred from Fig. 12 is 
that if the base region is open circuited, leakage currents 
from the base region into the collector will cause the 
base to have a positive voltage, and will consequently 
cause an amplified emitter-collector leakage flow. So, 
make sure that the base circuit return path resistance is 
not too high. Also, since leakage currents get worse with 
temperature, if the device is going to get hot, it will need 
a lower base circuit resistance for a given overall collec- 
tor leakage current level. Because transistors with high 
current gains require less base current fora given collec- 
tor output current, and fora given base voltage, the input 
impedance, as seen at the base of the transistor, in- 
creases directly as the current gain is increased, and this 
makes such high-beta transistors useful in high impe- 
dance, low signal level circuitry. 

The kind of device | have sketched, in crude form, in 
Figs. 12 and 13 is an NPN device (though in practice it 
would be made in the forms shown in Figs 8/9 or 11). The 
same sorts of argument are appropriate if one credits 
holes (places where electrons should be butaren’t) with 
the same en and ability to move as positive elec- 
trons. For all practial purposes this is true, but the ‘holes’ 
move much more slowly, and they can become trapped 
or detained in unwanted impurities or crystal lattice 
defects, leading to delayed responses in operation — 
particularly noticeable in pulse propagation systems. 

Because PNP transistors have an N-type base 
region, where all the movement of charge is by 
electrons, PNP transistors usually have a lower noise 
level than NPN ones, and would usually be preferred for 
low signal level audio input circuits. 

| will talk about some of the less common aspects of 
transistor operation Jater in this series, and also show 
how circuit calculations are done with the Y, Z and H 
parameters. However, next month | propose to take a 
closer look at small signal and power transistors, and 
their uses and limitations. 
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BUZBY METER 


Here’s a project for all our readers who have contributed to that 
reat national charity — British Telecom. Design and 
evelopment by Nick Payne. 


ou stare blankly ata 
Y¥ eieotone bill which baldly 
delares “4077 units — 
£205.30” and you wonder how it 
all happened. You use a 
neighbour's phone and are uncer- 
tain whether to leave 10p or £5 or 
something in between. You may 
be a hesitant speaker on the 
phone worrying about how much 
it must be costing, which might, in 
fact, be surprisingly little or maybe, 
for business purposes, you would 
like to charge the cost of a call to 
a certain account. 

From all these situations the 
Telephone Call Meter, sometimes 
known as the “Buzby Meter’ 
described below can rescue you. 


Overview 


This device is an aid to checking 
the cost of telephone calls. Before 
a call is made, an amount equal to 
the cost of a small time interval 
(7.5 seconds) of the call is entered 


on the keyboard and the 
cumulative cost of the call is 
shown on the display, increment- 
ing every 7.5 secs. For con- 
venience a list of the most used 
rates is attached to the device. 
The device uses the auto- 
constant feature available on most 
calculators. It consists of an elec- 
tronic calculator plus timing cir- 
cuit, which operates on the 
auto-constant key of the calculator. 
As an example, a call to a cer- 
tain town might cost 2.6p every 7.5 
secs. Before the call is made 2.6 + 


PIN 16 
1c1 


PINS 


= is entered on the keyboard. 
When the called party answers, 
the timer is started and 2.6 is 
added to the display every 7.5 
secs, giving the true cost of the call 
as it progresses. The “+” key 
actuates the auto-constant in the 
add mode. 

The circuit of Fig. 1 shows the 
timer circuit operating a CMOS 
analogue switch is in parallel with 
the “equals” key which causes the 
constant to be added. 

Furthermore, the timer circuit 
automatically takes account of the 


“K OUTPUT” 
FLUORESCENT 
DISPLAY 
CALCULATOR 
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HOW IT WORKS 


Referring to Fig. 1, 1C1 is a 4060 
CMOS oscillator ripple counter. The 
frequency of operation is controlled by 
C1, R1, R3 and RV1. It is trimmed to 
68,.2Hz + 1% by RV1, setting the 
accuracy of the timer. 

The A9 output cycles at 68.27/ 
512Hz or once every 7.5 secs. With the 
“switch SW3 set at DIAL, this waveform 
is fed into the monostable formed by 
IC4b, R5 and C2. Negative edges on 
the Q9 waveform are converted into 
negative-going pulses of 50ms dura- 
tion. For the timer to run, SW2 is open, 
putting a low level on the reset input 
of IC1 and high level on the output of 
IC4a. This turns on CMOS analogue 
switch IC3c, 

The positive going pulses are 
therefore switched through to 1C3d. 
1C3d is wired in parallel with the 
“equals” key on the calculator 
keyboard, so that when it is pulsed on, 
the calculator chip responds by 
incrementing the displayed value. 

When the telephone call is finished, 
the user resets the counter to prevent 
further incrementing of the display by 
closing SW2. Reset will force all coun- 
ter outputs low. If Q9 is high before 
reset, resetting will present a negative 
going edge causing it to output a 
pulse. This pulse is prevented from 
reaching the calculator by the output 
of IC4a going low, turning off switch 
IC3c. R6 pulls the output of [C3c low 
when it is off. The feature for calculat- 
ing the 3 minute minimum charge 
imposed on some operator calls is per- 
formed by the two latches formed by 
1C2a with IC2b and 1C2c with 1C2d and 
analogue switches 1C3a and IC3b. The 
user sets SW3 to “OPER”. Refer to Fig. 
2 for detailed timing of waveforms. 

During reset, latch 1C2a/b is set so 
that 1C4b output is high and latch 
IC2c/d is set so that IC2d output is 
low. Therefore, switch 1C3a is on and 
IC3b is off. R4 pulls the output of the 
switches low when they are both off. 

When the reset is removed and the 
counter starts, 2 cycles of 2.13 Hz from 
Q5 passes through IC3a to the mono- 
stable, thus pulsing IC3d twice, caus- 
ing the calculator to add the initial 


3 minute minimum charge 
imposed on some operator con- 
nected calls. The 3 minute 
minimum feature is activated by a 
switch, Also the device operates as 
anormal electronic calculator 
when the timer is not running. 


Connecting The 
Calculator 


To find if your calculator is suit- 
able for this conversion, first it 
must have an auto-constant. This 
typically works as follows:- press- 
ing 1 +=== causes the display to 
go 1,2,3, etc each time the = key is 
pressed. In this case = is the auto- 
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PROJECT 


Fig. 2 Timing diagram. 
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1 
I 
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~ 
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IC3 PIN 13 


CALCULATOR 
DIGIT STROBE 


KEYBOARD INPUT 
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displayed quantity to itself twice, effec- 
tively multiplying it by 3. This now rep- 
resents the 3 minute minimum charge. 

Q7 goes high after approximately 
one second resetting latch 1C2a/b and 
turning off switch IC3a. This prevents 
any further pulses from Q5 reaching 
the monostable, After 2 minutes Q14 
goes high resetting latch 1C2b/c clos- 
ing switch 1C3b. This allows Q12, 
which next goes low after 3 minutes, to 
be fed through to the monostable, 
incrementing the displayed quantity at 
the end of 3 minutes and thereafter 
every minute. 

The circuit will run off any voltage 
between 3 and 18 and would normally 
run off the same voltage as the 


constant key with 1 being the con- 
stant. Your calculator may work 
slightly differently, but if you can- 
not get it to work in this fashion 
at all, it is not suitable. Otherwise 
make a note of which is your auto- 
constant key. This is the one which 
the timing circuit is connected to. 
With the calculator switched 
off, open the back and find the 
leads that go from the keyboard to 
the chip. Keep the auto-constant 
key depressed, find with an 
ohmmeter which two of the leads 
are connected, and which are not 
connected when the key is 
released. On some calculators any 
impedance below 50k is con- 


calculator. However, the RC oscillator 
clocking 1C1 is less stable when the 
supply voltage is less than 4V. Substi- 
tuting a 74HC4060 and 74HC4016 for 
1C1 and I1C3 would improve perfor- 
mance with a 3 and 4V supply. A solar 
powered calculator may work here if the 
solar cells have enough excess power in 
normal light. At 4 to 5V a 4066 is better 
than a 4016 for IC3. The supply rails to 
the calculator chip must fie inside the 
rails to the timing circuit for proper 
operation of switch 1C3d. Supply current 
is approximately 70:A at 6V. The device 
will normally be 1% accurate at room 
temperature, which is the accuracy the 
clock can be trimmed to. 


sidered a connection. Do not use a 
X10k range on the ohmmeter or 
the chip may be damaged. 

If you have an LCD or a mod- 
ern LED calculator that is all that is 
needed, these two leads can be 
connected either way round to the 
output of the timing circuit. 
However, older LED and all 
flourescent display calculators 
have a negative bias rail of 
typically 30V generated by a DC- 
DC converter (see Fig, 4). In this 
case, with the calculator switched 
on, check which of the two 
keyboard leads selected above has 
the most negative voltage. This is 
the “D” lead. Better still with a 
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Fig. 3. Power supply when using a 3V 
calculator (typical for LCD types). 


(CALCULATOR CHIP) 


BOARD CALCULATOR 
ON/OFF SWITCH 


Fig. 4 Power supply when using a 
fluorescent display calculator such 
as National Semiconductor 200. 


‘scope, the “D” lead will be seen 
to have negative Boia pulses on it, 
while the other lead, the “K” lead, 
will be floating. In this case add 
the extra circuit shown inside the 
dotted box in Fig. 1. (X2, X3, R7- 
RY, Q1). 


Mounting And 
Power Supply 


With a larger calculator, there is 
probably room for the timing cir- 
cuit somewhere inside the case 
and room for the switches on the 
front panel. For the smaller 
slimline calculator it is better to 
mount everything in a fliptop box, 
e.g. Vero 75 — 3018C. Fig. 5 
shows this method of mounting. 

In the author's version, and APF 
M1920 calculator was used. the 
two button cells are removed and 
two lengths of wire approximately 
30 SWG, 8” long are connected to 
the + and — pads. Two more 
pieces are connected with great 
care (the pc pads are small) across 
the = key. A piece of masking tape 
can provide temporary strain relief 
for the four wires. The soldered 
joints should be kept low and 
smooth to avoid shorting to the 
back of the case. 

Drill a small hole in the back of 
the calculator to allow passage for 
the four wires, and carefully 
remove all burrs. A matching hole 
should be drilled in the front panel 
of the flip-top box, along with 
holes for switches SW1-3, and any 


SLIMLINE CALCULATOR 
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REAR OF 
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KEYBOARD 
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REAR PANEL 


CIRCUIT BOARD 


Fig. 5 Mounting of LCD slimline calculator to front panel of flip-top box. 


holes necessary to give access to 
the screws which hold the 
calculator body together. Glue the 
calculator case back to the panel 
of the flip-top box (or bolt it to the 
panel, if there’s room inside the 
calculator case for the screw 
heads). Do make sure all the holes 
line up before the glue sets! 

Feed the four wires from the 
calculator through the appropriate 
hole, then screw the calculator 
body onto its case back; make 
sure you pull the four wires 
through as the calculator body 
comes together. 

The power supply is wired as 
Fig. 3 because 3V is not enough to 
run the circuit board; this is 
got around by soldering a 3V tap 
onto the battery holder. On the 
circuit board connect the two 
keyboard leads from the calculator 
to points A and B, Leave out links 
X2, X3 and RY and Q1 but put in 
link X1. 


Fluorescent Display 
Calculators 


For an older LED display ora 
fluorescent (green) display 


«calculator all components on the 


printed circuit board except X1 
must be mounted. In this example 
a National Semiconductor 200 
type calculator was used (for infor- 
mation on this chip MM5795 and 
calculators in general, refer to 
National Semiconductor MOS/LS| 
Databook 1977 Edition). The ‘D’ 
input which is the most negative 
keyboard line is connected to R7 


Peak (9-1, M-F) 
0.45 


1.35 
2.25 
2.70 


Table 1 Figures to enter to get the 
costs. 


and the ‘K’ output, the floatin 
input to the chip is connected to 
Q1 collector. See Fig. 4 for power 
connections; in general the +V 
line to the circuit board should go 
to the most positive point found in 
the calculator, while the OV should 
go to a point not more than 15V 
negative of this point. With luck 
you can use the calculator on-off 
switch to switch the circuit board 
as well. 

Hand-held calculators of this 
type are too thick to mount on top 
of the front panel of a fliptop box, 
but can be clamped underneath 
with a cut-out for the keyboard 
and display. Also take the oppor- 
tunity to mount bigger batteries 
then those that fit inside the 
calculator. 


Trouble-Shooting 


If nothing seems to work, first 
check that all components are cor- 
rectly inserted and there are no 
dry joints or solder bridging of 
tracks. Then check the power is 
supplied to the board, Check the 
oscillator IC1, C1, R2. R3 and RV1 
with a ee signal tracer or 
audio amplifier. Then check the 
countdown chain Q4-Q14 (the 
outputs change slowly enough to 
be seen with a voltmeter). Check 
the rest of the circuitry with SW3 
in the ‘DIAL’ position, referring to 
Fig. 2. C2 and R5 set the pulse 


Jength to the keyboard. If your 


calculator is slow it may not see 
this pulse, Try increasing C2 or R5. 


Standard ((8-9, 1-6, M1-F) Cheap (all other times) 
0.34 «, 0.0 


8+= 
0.90 '' 0.34+= 
1.69  0,67-+= 


2.03 0,84+= 
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Using The Telephone 
Call Meter 


If the meter is mounted ina 
fliptop box, you have a convenient 
place (in the lid) to glue the call 
charges. The machine works by 
adding on the charge for 7% 
seconds of the call. Although 
telephone charges are reckoned 


PARTS LIST 


RESISTORS (4W 5%) 

R1,6,7,8 1MO 

R2 1M5 

R3,4* 47k 

R5 470k 

R9* 4k7 

RVI 200k (or 220k) 
submin preset 


CAPACITORS 
C1 4n7 
C2 100n 


SEMICONDUCTORS 

ICc1 4060 
Ic2* 4001 
Ic3 4016 
Ic4 4069 
Qi" 2N2907 


MISCELLANEOUS 
swi* SPST (or DPST, 

see text) 

slide or toggle 

Sw2 SPST slide or 
toggle 

SPDT slide or 
toggle 

Box (Vero 75-3018C or 75-3019) or 
similar); calculator; battery holder; 
wire, PCB, etc. 


Sw3* 


*May not be needed — see text. 


oy ae message units, the length 
of which vary by the distance 
being called and the time of day, 
reckoning the call in 7% secon 
chunks does not lead to any great 
inaccuracy. For a b-rate trunk call 
(over 35 miles) at peak rate you 
get 15 secs for 4.7p. Therefore 7% 
seconds costs 

4.7 x 7.5/15p = 2.35p 

= 2.70p (inc 15% VAT) 

To use the machine for sucha 
call, set the OPR/DIAL switch to 
DIAL, key in 2.70p +=, dial the 
call and when the called party 
answers set the STOP/GO switch 
to GO. The display will show 2.70 
and every 7%2 seconds it will in- 
crement 5.4, 8.1, 10.8 etc. When 
the call ends, switch to STOP and 
the display will stop incrementing 


—— sw2 
ov (STOP/GO) 


and there will only be a one or 
two pence error in the displayed 
quantity. 

A partial list of call charges 
appears on Table 1. They are 
worked out by dividing 40.54 by 
the number of seconds for one 
unit (40.54 = 4.7 x 7.5 secs + 
15% VAT) The final thing to do is 
to adjust RV1 until the calculator 
increments exacly once every 7.5 
secs. 

If the 3 minute minimum 
charge feature is not required 
leave out R4, |1C2 and SW3, but 
ground pins 6 and 12 of IC3. 


BUYLINES 


Nothing here should cause any problems. 
The PCB is as ever available through our 
PCB service. 


SW3e (OPR) 


Fig. 6 Overlay diagram. 
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(ON DISPLAY 


EQUIPMENT ¢ COMMUNICATIONS e COMPUTERS e COMPONENTS 


THERMAL 
PRINTER 


 \, COMPLETE WITH 

FULL HANDBOOK, 

=F ROLLS PAPER 
£49.95 ux c/P £1.05) 


SUITABLE FOR TANDY BBC ORIC NASCOM GEMINI 
ACOAN DRAGON ETC. ETC. (interface unit with leads 
£15 - state model] [your enquiries invited). 


MODEM CARDS/COUPLER 
Brand new. Tested, answer and originate 300 BAUD 
uncased acoustic modem card by famous 


supplied. Card only £29.95 

Card and remainder ol smatt components §= £33.45 

Telephone Direct Line coupler ype LTU 11 MKIL, 

Sultable for direct coupling PRESTEL adaptors and 

the above acoustic modems. Integral Line select and 

autodial relays requiring TTL inputs data ie 
1 


£ 
1200 BAUD receive 76 BAUD send direct coupled 
modem for PRESTEL, Requires +5¥ supply with TTL 
tnputs for data. Line select and autodial, LTU 11 
direct coupler required. See above, Data supplied. 
PRESTEL modem card £14.95 


ASC11 

KEYBOARD 

69S D5 Compact, 64 key = 

+ S function keys, Hall effect keyboard with 
reprogrammable [2716] ASCII oulpul decoder EPROM. 
Steel key trame for good rigidity. Negative going 
Strobe. Requires +5 volt +)2 volt supplies. £24.95 


COMPACT 58 KEY ASCII 
KEYBOARD 


Contactless capacitive high reliability keys. Full 128 
ASCII codes. Steal key irame for pasitive rigidity. 

ImS strobe. single -5 voll supply. Repeal key. contro! 
And caps. lock. £32.50 (UK C/P £1.00 either model] 


UHF MODULATORS wxc/e 40) 
‘Video input RF outputs cased for computers otc. 
Astec UM 1233 £3.50 ITT version £3.50 


x 
15.5° x 4.5° (Irani slopes|. 
Ideal for single board computers 
like the Nascom or Gemini Multiboard [3 cards, etc). 
Very heavy gauge |.25°) plastic with metal base. 


Altractive silver 
greytinish §=§$£22.95 wux cre e205) 


COMPUTER FANS 

[UK C/P 6Op each, £1.00 per pair} 

4%, 220/230V AC Brand new £7.50 each 

4%, 220/240V AC Ex-units £5.50 each \: 
42, VIO/TISVAC Ex-units £8.00 each © 


POCKET RADIATION DETECTORS 
Dos! meter for Gamma and X-Rays, 0-5r [UK C/#'55p} 


NICADS 

EVERREAOY 8.4 Voll HEAVY DUTY WICAD 
approx. 31, Dam x 3s” with magnetic 
switch £5.95 wx ce 55p.1 


CHERRY ADD- 

ON KEYPAD 

16 button pad nan-encoded 
£5.95) iUK C/P 50p per 1 to 2} 


STEREO RADIO TUNER 
Ready bulll Mw-lw 

Sterec FM By well known , 

Hi-Fi manulacturer Approx. 

6 x35 x 1S With Date 


4 wave-band stereo tuner 

amplifier by GEC MW/LWW/ SWS 
stereo FM radia 10+ 10 watt stereo 
amplifier, Inputs for PU tape in/out. 
Supplied as two sssenbied units, - easy 
toconnect 

asillustrated £21.95 (ux cP £1.50) 


CASSETTE MECHAN 
Fitted counter, Motor. Stereo record =, 
and erase heads. Solenoid. atc, Brand 
new available 6V OC or 12V OC 


io 
wtvich £5.95 (uk c7? 66g eee” 


[stale 
ALSO miniature stereo cassette 


12V. 105 x 100 x 40 mm, £5.50 (UK C/P 65p) 


MARRIOTT TAPE HEADS 
TRACK XRPS36 Low inp 
ARPS 1B Med imp. £250 . 
XESI1 Erase lorabove §=£1.25 
% — BX APG3 A/P £228 


ey 
im. 


tor above £125 
Storet: £2.95 Mono £1.95 Stereocrees £1.00 


CASSETTE HEADS" 
ALSO IN STOCK Large range of tools, 


ALWAYS BARGAINS FOR CALLERS 
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£4.95 tux c/P 655) 


speakers. accessories, pelzos, mics, nicads, CB,etc, | 
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TELECINE 


FEATURE 


Ever wondered how 35mm Cinemascope feature films are 
processed for presentation on television? Andrew Armstrong 


takes a look behind the scenes. 


sion from time to time. These are the films 

which you $e have seen at the cinema a year 
or two ago, and they were probably produced on 
35mm colour film. Some pre-recorded video cassettes 
are also made from feature films, and in both cases the 
film is then viewed in a way not intended by the 
person who made it. Whether the dramatic material is 
as well suited to presentation on a small screen as ona 
large screen is often open to debate, but the technical 
quality of the programme is usually as good as we 
old expect it to be had the film been made 
specifically for television. 


A Imost everyone watches feature films on televi- 


Colour Television 


Before making any further reference to films, let's 
refresh our memories on the subject of colour 
television. 

The television picture is built up by means of an 
interlaced raster scan, illustrated in Fig. 1. In Britain a 
625 line frame is used, built up from two 312.5 line 
fields. Fifty fields per second are transmitted, forming 
twenty five complete frames. This method gives a 
reasonable compromise between vertical resolution 
and flicker, within the limits of the transmission 
bandwidth used. 


LINE SCAN 
LINE FLYBACK 


ODD FIELD LINES 
EVEN FIELD LINES 


Fig. 1 a) the odd field of a single frame of video is scanned by 
a TV camera and b), the odd and even frames combined to 
make up an interlaced raster. 


As with the black and white system, colour televi- 
sion relies on the persistence of vision of the eye to 
prevent the viewer observing the scanning process 
which builds up the picture — it all pal a too fast. 
The colour perceue of the eye is also fooled into 
seeing that which is not there. The eye seems to 
assess the colour of the light it receives by evaluating 
the proportional stimulation of cells which respond to 
red, green, and blue light. The frequency response is 
sufficently broad for there to be an overlap of 
response between red and green, and green and blue. 

If, for example, a spectrally pure yellow light (a 
sodium street lamp is a good approximation) is shone 
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into the eye, the green and red cells are both 
stimulated. The shade of yellow is determined by the 
proportional stimulation of the two types of cell, So far 
as the eye is concerned, the same colour is present if a 
mixture of red and green light in the right proportions 
is used instead of a single yellow li Ft This is how 
colour television achieves the effect of colour. 

There is always a problem because not everyone's 
eyes work in exactly the same way. Different people 
need slightly different proportions of primary colours 
(red, green, or blue lights) in order to produce the illu- 
sion of a certain spectral colour. The proportions are 
also affected by the precise wavelengths of the 
primary colours which are used. For this reason the 
choice of coloured dyes for film or light emitting 
phosphors for television is of great importance. 


System Difference 


The frame rate used for film is different from that used 
by any major television system in the world, Most film 
is taken at 24 fps (frames per second) but the televi- 
sion system in Britain works on 25 frames per * xcond. 
This is close to the right speed, but American televi- 
sion gives worse problems with a rate of 30 fps. 

Even if one were to run the film through a projector 
at the appropriate frame rate and televise the image 
directly, there would still be one major problem. The 
frame blanking period of the television system is 
much shorter than the time required to pull the next 
frame of film into view in the projector. 

The sequence of operation in a projector is, 
approximately: 1) a shutter cuts off the light; 2) a 
claw, engaged with sprocket holes in the film, pulls 
the next frame into view; 3) the shutter uncovers the 
light source, so that the frame is visible. While the film 
frame is displayed it must be completely stationary or 
else it will appear blurred. Therefore a mechanical 
settling time is needed. 

The result is that this means of televising a film, 
neh a projector, screen, and television camera, 
would give black areas at the top and bottom of the 
picture. This occurs quite simply because the televi- 
sion camera is scanning while there is no image on the 
screen. If the phase of the projector and the television 
camera were to drift, there would be a black band 
moving up or down the picture, rather like a severe 
form of the effect observed on a television set whose 
main ebypectalees capacitor is failing. 

The eye, of course, has no trouble with projec- 
ted image, any more than it does with the scanning of 
the spot generating the raster in a television picture. 
In each case, the operation takes place faster than the 
eye can detect, being averaged out by the persistence 
of vision. The time taken for the eye to respond is nor- 
mally assumed to be about 1/16th of a second, though 
this varies from person to person and i 
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is less around» 


the periphery of vision than in the central area. 

There are other points of incompatibility between 
film and television, and these generally show up the 
inadequacies of television. First, the contrast range 
which can be reproduced on film is very much greater 
than available from a television set. This is particularly 
true in a well lit room where a mid-grey area may 
appear to be black: anything dimmer than mid grey 
will be indistinguishable. 

Another difference is in the primary colours used. 
Different film stocks use different sets of primary 
colours, but none of them are the same as the ones 
used in colour television. This causes both mild 
desaturation (alteration of the colour towards a 
neutral grey of the same brightness) and a change of 
hue (colour). 

The aspect ratio (the ratio between the height and 
width) also differs between film and television. This 
applies most seriously to cinemascope films. The 
frame of a cinemascope film is the same shape and 
sized as that of an ordinary film, and in fact there is no 
mechanical difference. The difference is in the 
anamorphic camera lens used, which compresses the 
image horizontally. In this way, the breadth of the 
scene filmed is greater compared with its height than 
the width of the film frame compared with its height. 


Telecine Systems 


The above incompatibilities demand a special 
piece of equipment to convert from film to television. 
One intractable difference, which no conversion 
equipment can alter, is that the ordinary television 
system in this country cannot approach the clarity and 
detail of even a fairly ordinary quality film. Small 
details, clear on the film, simply show up as blurs on a 
domestic television. With this reservation, a good 
telecine machine can provide television pictures 
which go a long way towards doing justice to the film. 

A number of different methods of film to television 
transfer have been used, but many of them are varia- 
tions on a theme. There are three main methods. 

The first, and least useful method, is to use a pro- 
jector, screen, and television camera. In order to avoid 
the problem of black bands across the picture, very long 
persistence camera tubes are used so that the image 
persists during the time that the screen is blanked to 
move to the next frame, This delay causes streaks to 
be invisible behind moving objects. Due to the dif- 
ferences between three coloured channels, the 
streaks are normally multicoloured. This effect is 

resent to some extent in all the home video cameras | 

ave seen. 

The long persistance camera technique has been 
(and may still be) used at some small TV stations in 
the USA, and is employed in the telecine adaptors 
available for home video use. It is not widely used, 


Flying Spot Scanner 


Many variations of this idea have been used, and 
for a long time it has been the major basic technique. 
The mated is to display a television raster on a small 
cathode ray tube, and focus the image of the raster 
on to the film. The light passes through the film and 
then through red, green, and blue dichroic colour 
splitters and into photomultipliers, which give an 
electrical output proportional to the light of each 
colour which passes through the film. This is illus- 
trated in Fig. 2. 

If these RGB (red, green & blue) signals are fed to 
an RGB video monitor, together with the synchroni- 


42 


LIGHT TIGHT 
OICHROIC ENCLOSURE 
FILTERS | 


[ 


MIRROR 


cRT 


PHOTOMULTIPLIERS 


Fig. 2 The light passing through a colour film is directed 
through a series of dichroic filters to select the colours fed to 
the photomultipliers. 


sation signals used to generate the original raster, a 
television picture of the film frame being scanned will 
be seen. 
This method displays a single stationary film frame, 
To televise moving film, a method must be found to 
roduce a stable picture. Most of these involve mov- 
ing the image of the raster to track the movement of 
the film, by various electronic or optical means. One 
novel modern method used is to scan the film frame 
only while it is in a suitable position, and to store the 
television picture digitally to be read out at normal 
television rate. This means, of course, that the scan- 
ning for storage is carried out at a faster rate than nor- 
mal television scanning, and in a_ non-interlaced 
manner. 


Charge Coupled Devices 


This led logically to the third major technique of 
televising film, which uses CCD (charge coupled 
device) line arrays to digitise the film line by line as it 
passes by. The digital signal generated is stored in a 
frame store and then read out at the normal television 
rate. 

This technique has recently become very wide- 
spread. Two of the major telecine manufacturers, Mar- 
coni and Bosch, make only CCD based machines, 
while another major producer, Rank Cintel, makes 
both flying spot and CCD type telecine machines. 


Flying Spot Variations 


A flying spot scanner without a frame store must 
track the film movement with the image of the 
raster.This has not always been accomplished elec- 
tronically, One idea which was tried was the hologon, 
a multi-faceted prism made to spin so as to present a 
new face to each film frame. Its angles are such that 
the image of the raster is deflected to follow the film 
movement. Several machines of this type have been 
used at the BBC for many years. 

A difficulty in the use of this system is that move- 
ment of a heavy, spinning, block of glass must be 
matched to the television synchronisation signals so 
that the optical changeover from one facet to the next 
occurs during the frame blanking period. Because high 

uality pictures are required, this is more difficult than 
the control of the heads in a video cassette machine. 
The film, of course, also has to be synchronised in a 
similar manner, so there are two sources of mechani- 
cal error which must not add up to a noticeable pic- 
ture disturbance. 
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Hopping Patch 

In many ways, it is easier to move an image ona 
CRT than to move it optically. Hopping patch is so 
called because the patch on the CRT hops between 
two locations, which correspond to the positions of 
the film frame the first and second time it is scanned. 

The movement of the film is in the opposite diréc- 
tion to the direction of scanning, so the resultant 
raster is half the size that would be required to scan a 
stationary frame. Figure 3 illustrates this. 


DIRECTION 


EVEN FIELD 
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DXRECTION 
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F FIG T 
HALF-HEIGH 
MOTION FIELD: 


ELDS 
Fig. 3 The ‘hopping patch’ system. The odd field is scanned 
first, then the scanning spot jumps up one frame height and 
carries out the even field scan. The vertical scan waveform is 
shown to the right. 


This system still requires the film to be in the cor- 
rect place at the correct time, but this is easier than 
aera pie a prism as well. It also has its own 
special problems. Because of the interlaced method 
of producing a television picture, alternate lines on 
the picture are scanned by the two rasters. If the 
positioning of each raster relative to the other is not 
very accurate, the picture details will not match bet- 
ween the two halves and a very visible jitter will result. 

This applies to every part of each raster, so a devia- 
tion of more than half a television line width from the 
correct rectangular shape will cause an effect on the 
picture that would make some viewers seasick. 


Film Tracking 


Instead of nec the film to be in the right place 
to be scanned at the right time, an electronic film 
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tracking system can be used. This determines which of 
the film frames passing nearby is best placed to be 
scanned for the next field, and scans it. The position 
of the film is sensed by optical sprocket hole detec- 
tors or by the use of shaft encoders on sprocket 
wheels. This means that any small disturbances in the 
control of the film position will not contribute to jitter 
on the picture. The attendant disadvantage is that the 
rasters do not always occur at exactly the same place 
on the CRT, so the job of keeping the shape and 
positioning accurate is more difficult. 

The film tracking method does have an attractive 
spin-off, which is that the precise film speed no longer 
matters so far as providing a good picture is con- 
cerned. This would allow a film to be played at 24 fps 
instead of 25 fps, on a British television system. A film 
can be streched or compressed by a few percent to fit 
the standard programme times. In order not to upset 
those with perfect pitch, or even just good hearing, 
audio pitch correctors are available. These devices use 
memory to treat the sound rather in the way a frame 
store treats the video. This can result in some parts of 
the sound waveform being cut out, or played twice, 
but this is not normally noticeable. . 


Some Current Machines 


Almost all of the telecine machines sold for pro- 
fessional uses nowadays incorporate framestores. The 
one exception to this is a new machine, shown for the 
first time at the IBC Exhibition in Brighton this year, by 
Independent Cine Equipment. This particular 
machine uses a film tracking technique to avoid the 
cost of a framestore, and to provide superior perfor- 
mance in those situations where a framestore is a 
liability rather than an asset. An illustrative example of 
a film tracking system is shown in Fig. 4. 

The performance of this particular machine is pro- 
bably comparable with that of some of the better 
known and more highly priced machines, but it does 
not offer computer controlled special functions. It is 
likely that, given the decreasing cost of memory, the 
extra cost of a frame store in an ‘all singing, all dancing’ 
machine would not be very significant. 


Digiscan 
The most widely sold flying spot telecine is the Rank 
Cintel Mk III C. This is available in a version using a 


hopping patch and a version using a frame store and a 
single patch position. The hopping patch option offers 
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Fig. 4 A simplified film tracking scheme. The resynchroniser resets the film position counter one film frame backwards on the 
first TV vertical sync pulse, following a sprocket wheel pulse which indicates that the next frame is in view. The composite é 
* signal (raster plus film motion) is generated digitally, so analogue drift is not a problem. 
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operation only at standard film speeds, but it does 
offer a higher resolution than the frame store version 
which is limited by the number of memory locations 
used. An ordinary domestic television set would not 
show any difference but broadcasters seem to prefer 
hopping patch machines. 

The frame store version (named Digiscan) offers 
variable speed operation, because regardless of film 
speed, there is always an up to date picture stored in 
the frame store. There is also a digital picture enhan- 
cement system which, though it cannot produce 
resolution that is not there in the first place, can 
greatly improve the appearance of a picture. One 
method of doing this Is illustrated in Fig. 5, were a 
video edge is artificially sharpened to make the 
outline of an object appear crisper. 


a WHITE LEVEL 
ORIGINAL WAVEFORM 


_————— BLACK LEVEL 
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SHARPENED WAVEFORM 


——— BLACK LEVEL 


Fig. 5 Edges may be made to appear sharper than they are on 
the video signal by adding overshoot and speeding the 
transition. No more detail is generated, but it fools the eye 
into perceiving a very crisp image. 


The enhancement shown is carried out on a single 


video line, and would only sharpen vertical lines on 
the picture. A frame store allows the comparison of a 
picture line with the one before or after it, so that dif- 
ferences can be emphasised, thus sharpening horizon- 
tal lines. 

There is another great advantage with the Digiscan 
telecine. Because the film frame is scanned from top 
to bottom rather than in an interlaced manner, there ts 
no chance that the position of the two interlaced 
fields finally displayed will not match up correctly 
even if the geometry of the scanning is imperfect. 


Colour Correction 


Any system of transferring film to video must take 
account of the higher contrast available on film, and 
the differences in the primary colours used, The effect 
of the higher contrast on the film is that, without any 
form of correction, large picture areas would appear 
on the television as completely black or completely 
white. The signal range must be compressed (referred 
to as gamma correction) in order to provide a better 
representation of the film picture. The gamma law is 


Antilog(Gamma*Log(signal)) 


and may result in a gain in the dark areas several hun- 
dred times the gain in the light areas. 

The gamma law must be correct for each colour, or 
else the hue will be affected by the brightness. The 
hue of near black and near white must also be adjus- 
ted to compensate for differences in film stock, and 
even for different scenes. Typically this correction is 
controlled by three joysticks, with three overall level 
controls. Thus, the operator may turn the stem of the 
joystick to adjust the amount of gamma correction 
used, and adjust the position to determine how this is 
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shared between the red, green, and blue signals. 

In addition to requiring the correct gamma for 
each colour individually, the gamma of each colour 
may need to be modified by the signals from the 
other two colours to compensate for the mismatch 
between the coloured dyes used in the film and the 
colours used for colour TV. On some types of film 
stock it can be impossible to achieve natural colours 
unless this process (referred to as masking) is carried 
out. Most machines have several preset masking mat- 
rices for different film types. 

This vigorous correction has several consequences, 
The first is that there is too little dynamic range in an 
ordinary frame store to permit the correction to be 
carried out after storage. If this were tried, then areas 
which had to be amplified substantially would have 
the size of the minimum digital step of brightness 
similarly increased. Distinct stepped brightness levels 
would be clearly visible, 

For this reason, the correction in the Digiscan 
system is carried out before the signal is digitised. The 
only problem here is that the digital store is not 
updated while the film is stationary, so in order to 
colour correct a scene the operator has to keep run- 
ning the film back and trying again. 

A computer control system is available to take 
account of the different colour correction needed for 
different scenes. This stores the correction settings for 
each scene, and applies them at the appropriate 
frame number. 

Many other facilities are available, including an XY 
zoom system which will allow the operator to zoom in 
on any part of the film frame. A subset of this system 
allows the machine to televise cinemascope films. A 
portion of the picture width is enlarged to fill the 
whole screen, and the operator can pan the displayed 
portion across the frame. The degree of horizontal 
enlargement is chosen to alter the tall thin images to 
realistic proportions. 

lf the panning has not been done quite carefully 
enough, the viewer may begin to feel like a sepectator 
at a tennis match. You may occasionally notice the 
picture panning across to the person speaking just 
when he finishes what he was saying and someone 
on the other side of the picture speaks. 

A cinemascope film may, instead, be shown with a 
blank above and below it on the television screen, to 
reduce the height to a realistic level, but this is not so 
common. 


CCD Machines 


There are several manufacturers of CCD type 
machines. They provide different facilities and are 
suitable for different applications. 

One of the generic differences between flying spot 
and CCD telecines is that the CRTs used for flying 
spot scanners have the highest output in the green 
region, and well down in the blue and red regions. 
Because of this, the signal to noise ratio of the red and 
blue channels of a CRT based machine is normally 
unimpressive. On the other hand, the high output and 
better spectral response of the projector lamps used 
on CCD machines gives a good signal to noise ratio on 
all channels. 

A major selling point of Rank Cintel’s ADS1 is the 
facility to detect dirt and scratches on the film. This is 
possible because the light from the filament lamps 
used to illuminate the film, unlike the light from a 
CRT, contains a lot of infa-red. The dyes used on films 
are transparent to infra-red light, so only the dirt and 
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Fig. 6 The infra-red dirt detection system of the Rank Cintel 
CCD telecine. 
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scratches show up under this wavelength. A special 
channel is used to detect such blemishes, as illus- 
trated in Fig. 6. Note the extra long optical path oh 
and the special stop for the infra-red, because the 
focal length of the lenses is very different at this 
wavelength. 

Once the scratch has been detected, it must be 
concealed. To do this, the video signal must be 
delayed to allow the concealment circuitry to work, 
The concealment circuitry is digital and generates a 
ramp from just before the scratch until just after it, 
neatly joining up the video waveform. This is illus- 
trated in Fig. 7. 

The ADSI telecine carries out its colour correction 
by means of analogue circuitry before the frame store. 
It is very similar to the Digiscan machine in this 
respect. 

The Marconi telecine machine does not offer dirt 
concealment. One of its special features is that it car- 
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Fig. 8 The Marconi digital colour control system, The filters before the ADCs prevent ‘aliasing’ — an optical beat between 
detail on the film and the discrete positions of the optical sensors in the CCD line array. 
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PIECE OF DIRT 


ORIGINAL WAVEFORM 


WAVEFORM WITH 
DIRT CONCEALED 


Fig. 7 The concealment of the piece of dirt is carried out by 
joining the ends of the waveform on either side of it. The 
slight loss of detail on the picture is rarely detectable. 


ries Out the colour correction digitally. The block 
diagram of Fig. 8 illustrates this. 

A normal frame store has too few bits to permit the 
extreme ‘black stretch’ which is often needed to 
gamma correct a film. Such is the case with this 
machine as well, but the DAC digitises the signal to an 
accuracy of 11 bits. The processing carried out to this 
accuracy makes good use of look-up tables — a more 
pedestrian method of processing would not be fast 
enough. 

In the logarithmic conversion, and again in the 
multiplication, an extra bit is added in the processing 
to avoid rounding errors. The signal is truncated from 
13 bits to 8 bits in the antilog lookup table, and the 
resultant signal is stored in luminance and colour dif- 
ference stores. 

A German company, Bosch, make a CCD based 
telecine called the FDL 60. One of its major features is 
that, in televising cinemascope films, the entire width 
of the picture may be displayed on a monitor, with 
border lines superimposed to show which part of the 
picture is to be broadcast to fill the TV screen. This 
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makes it easier for the operator to pan appropriately. 
The panning information is stored in a control com- 
puter, and used to control the machine ‘live’. 

The FDL 60 also features a grain reducer which 
does a very good job of hiding film grain, soa 16mm 
film can look almost as good as 35mm film, The grain 
reduction relies on the fact that the grain produces 
very rapid changes in picture content, which can 
safely be ignored in a slowly changing scene. If too 
much correction is used, the grain corrector will try to 
correct for movement in the scene. The picture would 
then resemble that obtained from a TV camera using a 
slow response tube. 


Applications 


There are two main applications for telecine 
machines in broadcasting. The obvious use is on-air 
transmission of films. The films used tend to be made 
specially for television, so the quality is uniform, 

The somewhat limited dynamic range available 
from CCD machines is quite suitable for this type of 
film. The reliability and freedom from the need for 
constant readjustment of CCD machines thus make 
them desirable for on-air use. 

Films which are not specifically made for television 
do not often have such an ideal characteristic, and are 
often processed and transferred to tape before broad- 
cast. A flying spot scanner is preferred for this post 
production work. The ability to zoom, by altering the 
raster size, with no loss of resolution, and the higher 
contrast range which can be accommodated, all con- 
tribute to its popularity. 
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The Future 


It would appear that the use of film in television is 
increasing, despite the use of, for example, electronic 
news gathering equipment. One might imagine that, 
as videotape based systems become more compact 
and convenient, film will finally decline as a medium 
for television. 

This may not happen so soon as some people 
think, for two reasons. First, improvements in film still 
continue, so that smaller gauge films can be used to 
give the required quality. Second, when high defini- 
tion television is introduced, film will be able to meet 
the picture standards while videotape systems may 
have a struggle at first. 

The next question is — what type of telecine? 
Although CCD machines are improving, the resolution 
is limited by the number of elements in the line array, 
and further improvements are desirable even for pre- 
sent TV standards. It is very likely that the flying spot 
telecine will enjoy a renaissance if high definition is 
introduced in the forseeable future. 

One might go further, and suggest that a telecine 
with a frame store is unlikely, at first, to meet with 
approval from broadcasters, and that a hopping patch 
system will be used. In this case, it might well he that 
the limitations of the basic system will mean that 
some kind of “film tracking system” will be used on 
machines for this purpose, Thus events have almost 
dg full circle, because the technical literature on 
ilm tracking for flying spot systems goes back for at 
least twenty years. 
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DIGITAL 
FRAMESTORE 


In this final part, we give the remaining PCB overlay, the Buylines 
and some details on picture manipulation. Design and 
development by Dan Ogilvie. 


one further method of image 

enhancement that can be per- 
formed on any computer and can 
produce some very useful results 
such as edge detection or noise 
filtering. 

Let us for example consider 
how we might perform a niga 
filter function on our store 
image. The simplest way to filter 
the picture would be an LCR net- 
work on the front end before we 
stored it. This is simple in theory, 
but variable filters at 6MHz are 
difficult to design. If we wished to 
extend the filtering to include 
low-pass or band-pass filters more 
switchable elements would have 
to be added and the design would 
become increasingly difficult and 
complex. 

Another approach some 
readers may have encountered 
would be to take the Fourier 
transform of the picture, and then 
to choose just the required coeffi- 
cients before applying the inverse 
transform to restore the filtered 
version of the image. ‘Taking a 
Fourier transform’ is just the 
mathematical equivalent of split- 
ting the signal into its consituent 
frequencies, the ‘coefficients’ 
referred to being the sizes of the 
different frequency components. 
Once a signal is split into its com- 
parent parts this way, we can per- 

orm any filtering function we 
like, no matter how complex. It 
does not matter that the function 
we might choose does not have 


: n this section | hope to explain 
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an ‘analogue’ (LCR) counterpart. 
Two examples will illustrate how 
powerful this method can be. 

The transmission of television 
Eo entails a high bandwidth 

ecause of the amount of infor- 
mation that has to be sent. This 
applies also to the storage of infor- 
mation where the large amount of 
memory (in this case about 393K 
bytes for one image) means opti- 
cal discs offer the Hobsons 
choice. 

Any technique to reduce the 
amount of memory required to 
represent an image is worthwhile. 
Some simple methods can be 
used effective on documents or 
similar (one bit data) or on some 
images with little detail. But for 
any image with detail these 
techniques are of little use. 
However by examining the 
Fourier coefficients and running 
complex selection routines to 
select only those necessary to 
retain picture detail we can 
reduce the memory requirements 
dramatically. There are stores of a 
complex 24 bit colour (8 bits of 
red, green and blue) being 
reduced to one bit with little 
observed degredation of the 
image! Further reductions are 
possible if a degree of degreda- 
tion is considered acceptable. 

One further example is the 
removal of motion blur from a pic- 
ture — for example, a photograph 
of a race horse passing by, taken 
with a stationary camera. Simplis- 
tically, if we could examine the 


Fourier coefficients we should be 
able to identify the coefficients 
associated with the race horse’s 
velocity and remove it from the 
spectrum, leaving the image 
without the blur. 

Fourier analysis certainly offers 


BUYLINES 


No particular problems should be 
experienced with any of the compo- 
nents in the framestore. As was stated, 
the DRAMs used were Motorola 
MCM6664120, In view of the number 
used it is well worthwhile shopping 
around for the best price. STC should 
offer a competitive price and accept 
Access and Barclaycard (tel. 0279 
26777). 

The ADC/DAC are obtainable from 
MCP Electronics Ltd, Alperton, Wem- 
bley, Middlesex HAO 4PE, tel. 01-902 
5941. The full type numbers are ADC- 
TDC 1014CJ7 and DAC TDC 1016J5C8, 
They have a minimum order of £25, 
which will not be a problem in this 
case! 

The crystal is a special and was 
obtained from !QD Ltd, North Street, 
Crewkerne, Somerset TA18 7AR, tel. 
0460 74433. 

The TTL is standard. The 74F devices 
can be obtained from Hi-Tech Compo- 
nents, Gilray Road, Diss, Norfolk (tel. 
0379 4131), or STC amongst others. 

The PCBs will be available from the 
ETI PCB Service; six memory and one 
each of the contro! and ADC/DAC 
card are required. 

The TA6993W used in the external 
sync circuit will have to be shopped 
around for. {t is an RCA device. Try 
Macro Marketing (06286 4422) or 
STC. 
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us a lot in terms of the range of 
picture enhancements, but unless 
you have indeterminable patience 
ora PDP11 to hand, | do not think 
these techniques can be applied; | 
would certainly be interested in 
hearing from anyone who is 
attempting it. 

Let us look at a technique that 
can be performed on images and 
is within the scope of our home 
micro. 

The techniques discussed 
above would be performed in the 
frequency domain, ie, we would 
be manipulating coefficients of 
terms that represented all the fre- 

uencies present in the image. 

e could however manipulate 
the image in the spatial domain. In 
other words, by looking at the 
adjacent pixels to the one we are 
operating on and only Shan eibe it 
dependent on its own and the 
local pixel value we can performa 
number of techniques similar to 
those we saw at first in the fre- 
quency domain. 

The technique itself is called 
convolution. It is the spatial 
equivalent of Fourier analysis. 
Mathematically, it is sometimes 
possible to convert a Fourier 
operator to a convolver but 
generally speaking convolution is 
not so flexible. 

Convolution takes each point 
on the screen, and from this and 
the immediately adjacent pixels, it 

enerates a new pixel value. How 
. this works and what it is capable 
of is probably best demonstrated 
by an example. 

Fig, 19a shows a section of an 
image which is boring, absolutely 
flat and dark grey in tone. Fig. 19b 
shows a convolver. How it is used 
is as follows: the central term in 
the convolver ('9’ in this case) is 
placed over the pixel to be 
operated on, and the pixel and 
the surrounding pixels are mul- 
tiplied by the equivalent terms in 
the convolver, as shown in Fig. 
19c. All the resultant terms are 
added up to form the new pixel 
value, as shown in Fig. 19d. In this 
case the new pixel value is exactly 
the same as the old value. (Note 
to the mathematically-minded — 
this is not true matrix multiplica- 
tion, thank Heaven!) 

Let us suppers that a little 
further to the right of the same 
image there is an increase in the 
brightness, spreading over a cou- 
ple of pixels, Fig. 19e. Applying 
the same convolver gives the 
values in Fig. 19f. Notice the 
extent to which the edge has 
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been enhanced, the pixels adja- 
cent to the edge being turned to 
reference black (—10 would 
appear as 0) and very nearly peak 
white (60, peak white is 63). Ifa 
threshold were imposed of, say, 
32, so that en below 32 in pixel 
value were made 0 and every 
thing above 32 were made 63, this 
convolver would have successfully 

icked the outline of the objects 
in the image in peak white on a 
black background. 

This is one example of a con- 
volver, which is 3 x 3 in size. There 
are a large variety of convolvers 
around, by no means all of them 3 
x 3 in size. They perform a num- 
ber of filtering routines — for 
example, the example shown 
could be considered the 
equivalent of a high-pass filter or 
differentiator — and some other 
quite ‘intelligent’ image manipula- 
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Fig. 19 (a) Digitised section of a flat 
image; (b) a convolver; (c) applying the 
convolver to one pixel; (d) the result of 
applying the convolver — back to 
square one; (e) a section of image with 
a change of brightness; (f) the convolver 
applied to this section. 
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tion functions. 

This is unfortunately all the 
detail on image manipulation that 
| can justify here. Books on image 
processing tend to be very expen- 
sive and very heavy going. The 
one that | have found the easiest 
to get along with is ‘Digital Image 
Processing’ by Rafael Gonzalez 
and Paul Wintz, published by 
Addison Wesley Publishing in 
1977. Perhaps it is high time that 
someone wrote a book aimed at 
the home micro user, as there are 
now a number of vision systems 
knocking around besides the 
framestore described in these 
articles. 


Editorial Note 


Far be it for us to discourage 
anyone from building an ETI pro- 
ject, but a few words on this 
framestore are needed. From the 
start, this project was conceived as 
being for experimenters, and by 
this, we mean someone with 
ae experience of electronics 
to fully understand a system of this 
complexity. 

We hope that all our readers 
will have gained some insight into 
the techniques involved in storing 
and manipulating a TV picture, 
but, as this framestore uses an 
awful lot of expensive devices, 
some of them operating at very 
Nis speeds, we would expect 
relatively few readers to build it. 

We sttrongly advise potential 
builders to be certain of their 
ability to de-bug a large digital 
system such as this before they 
soe If you're not certain of your | 
ability — or if you don’t have 
access to the necessary test gear 
(say at least a 20MHz dual-beam 
scope) — leave it alone until you 
are fully ready to have a go. 

One final factor we would men- 
tion is that we are having difficulty 
finding someone to replace our 
former projects editor, Phil 
Walker, so our ability to answer 
technical enquiries will be 
severely limited for th foreseeable 
future. 

We're sorry if this all sounds so 
negative. However, it’s distressing 
for us — as it must be for the 
readers concerned — to finda 
batch of enquiries from people 
who'll never get their piece of 
dream hardware to work because 
they are well out of their technical 
depth. 
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PARTS LIST — CONTROL CARD 


RESISTORS 68p s.mica 

R1 c4 33p s.mica 

R2, 3, 14, 15 c5 100n ceramic 

R4 unmarked all 100n ceramic 
capacitors 


SEMICONDUCTORS 
74F74PC 
74LSO4N 
74LS374N 


dl 


Fig. 20 The final overlay, of the control card. Just a few things have changed 
between this overlay and the original circuit diagram published back in 
December '84. Firstly, the downward-pointing arrow close to pin 8 1C1 
should have been labelled (CLK). The resistors around the inputs to IC8a 
and b and 1C9a should be labelled R22 to 26. Finally, there were two 


74FO4PC 
ZNA134J 
74F163 
74LS138 
74LS08 
74LS20N 
74LS74N 
74LS151N 
74LS193 
74LS32N 
74LSOON 
74LS193N 


741S138N 
Qt, 3, 5,7 2N2369A 
Q2, 4,6 2N3906 


MISCELLANEOUS 
single turn 18S WG 
enamelled wire 
25.625 MHz 


: 


: 


E 


a ecell 


sre 


Ff 


aqaaed 


devices marked IC17a: the one next to IC7 (top right on page 63, Dec ’84) 
has here become 1C28; however, there is no reason why the unused half of 
1C1 should not be used for this purpose, if an alternative PCB lay-out were 
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ELECTRONICS FOR» 


PEACE? 


Electronics for Peace describe themselves as a network of 
people connected with electronics who share a concern for the 
military implications of their profession. ETI has been talking to 
their co-ordinator, Tony Wilson, to find out more. 


ony Wilson is an independent reliability engineer 
T who has worked on commercial space projects 

and the UK Chevaline programme. He is currently 
engaged in work on military land systems, He has 
been a member of Electronics for Peace since the 
group was formed and has recently become their co- 
ordinator, giving up much of his time to writing and 
speaking on the group’s behalf. He has written a num- 
ber of articles on various aspects of defence and 
technology which have been published in a wide 
range of trade and other technical journals. His skills in 
publicity seeking seem to have been recognised by the 
TOBIE awards committee who have nominated him as 
one of the three finalists for the title of Electronics 
Personality Of the Year. The result will be announced 
at a special ball to be held as part of the All Electronics/ 
ECIF show in April. We visited Tony at his Wiltshire 
home to ask him about his views and the objectives of 
Electronics for Peace. 


When and where was EfP founded? 


In October 1982, in Bracknell. Tim Williams and Steve 
Holmes had a letter published in Wireless World asking for 
people who were interested, and around twenty five got 
together as a result. | was one of them. 


And has the membership grown since then? 


It's been at between two and three hundred for the last 
eighteen months or so but | think it’s going up a bit now. 


Do have to be employed in the electronics industry 
before can become members? 


We're open. So long as people are interested and con- 
cemed about the way things are, that’s sufficient. At the 
same time, it’s important that we’re seen to have a certain 
level of expertise, so it’s good that many of us do work in 
the industry and know what we're talking about. 
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Do many of your members work in the defence industry? 


Our members cover a very wide field but are mostly 
engineers working in electronics or computing, | don't 
know exactly how many work in defence, | haven't 
analysed it, but ! would think maybe 20%. 


Do those who work in defence openly criticise the system? 


| don’t know of anyone in EfP who actually criticises the 
system from the inside in quite the same way that | do and 
ets away with it. There is somebody who started at a 
efence establishment and objected to working on military 
things, and he was thanked and booted out But most 
people don’t speak out. It’s very difficult 


But you do speak out and your employers know your views. 


Yes, they do. They open their magazines and they see my 
face and what I've written. When | first joined EfP | thought 
that it would be incompatible with my job, but now | think 
it's very good that I’m seen to criticise the system from 
inside, It gives me credibility. It also gives people inside the 
opportunity to do the same thing themselves, because 
there’s this great fear when you're under the Official Secrets 
Act of opening your mouth at all, and that’s absolutely 
wrong. People should be allowed to criticise any system 
that theyre in, but they seem unable to do so. I’ve been 
there and | know what that feels like. 


You say that you thought being a member of EfP might be 
incompatible with a gre did you think that hes de 
lose your job? 


I'm always prepared for that possibility, 


Your promotional literature refers to “. . . the appalling 
unreliability of modern complex weapons systems. ..”. Your 
work involves trying to make s more reliable. Given 


your views, doesn’t that create a conflict of interest? 


In a better world than the one we live in now | wouldn't 


FEATURE 


see any problem in working to make our weapons more 
reliable, because we wouldn't have so many of them, we'd 
only have enough to defend ourselves. In the world we're 
in at the moment it is a bit of a problem, but then | have to 
make the best of the situation. 

Current complex weapons are not reliable. In two or 
three weapons generations’ time, when design and 
manufacturing and other techniques have improved, they 
will be ultra reliable. They will be as reliable as the public 
seems to think they are now, and when the commanders 
actually think they are that reliable theyll want to use them. 
One of the things that stops people using their weapons at 
the moment is that they know they won't work very well. 


So the risk of war may increase as weapons improve. Does 
that make you more concerned to get your message across 


We haven't got long, I’m sure of that. 


- You spoke of a better world in which we had only as many 


ee ee 
thinking particularly of nuclear weapons or of all weapons? 


To my mind, nuclear weapons are no worse than some of 
the conventional weapons we are now developing. It’s the 
weapons themselves — weapons of mass destruction — 
that we're against. We need to bring down the amount of 
armaments we have, and we need to bring down the 
influence we have on the third world in selling armaments 
and encouraging them to use them. We also need to bring 
down the amount of mili funding and orientation 
within our own industry. They're the three main aims of 
EfP in the long term. 


What are EfPs other aims? 


To age together electronic engineers who are concerned 
about the military implications of their profession, to pro- 
vide technical information for people working in the field of 
nuclear and conventional disarmament and to encou 
the development of socially useful applications of 
electronics. 


| Launch Vehicle Specifications 


aes 
| Tomahawk Missile Specifications 


z —— 
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So you don’t have to believe in unilateral nudear disarma- 
ment or anything like that in order to become a member? 


I'd be happy if there were anarchists and unilateralists talk- 
ing to people who drive nuclear submarines. We want to 
open up the debate, to cut out the paranoia and make it 
clear that we're just people and that we have a cross 
section of views, instead of this left and right business. 


So how is EfP related to the rest of the peace movement? 


We're making a conscious effort to get a cross section of 
ee in, people of all points of view, and I'm not sure that 
that's what other peace movement organisations are 
intending to do. That's probably one difference. We want 
to remain politically unaligned, and that’s probably another 
difference between us and, say, CND who seem to get tied 
up with the Labour party. We want to provide very good 
technical information to everybody, not just the peace 
movement but to everybody, so we have to keep some 
distance in order to be credible. 


So you see yourselves more as providers of information than 
as a group that’s going to sit down in front of cruise missile 
transporters? 


We're not involved in demonstrations or direct action. If 
individuals want to protest in that way then they're free to 
do it, but not under the banner of EfP. 


What practical steps have you taken in pursuit of 
your aims? 


We researched and published a booklet called “The 
Ground-Launched Cruise Missile: A Technical Assess- 
ment” (reviewed in ETI January 1984 — Ed.). That was 
very well received and is about to be re-published. We 
want to keep up a steady flow of booklets and leaflets 
explaining modern weapons and other war systems 
and their implications for the UK and the world. Some 
of the topics we'd like cover are the effects of EMP and 
means of protecting against it, the link between arms 
spending and the crisis in the third world, the damag- 
ing effects of heavy military investment on commercial 
investment in research and development, and the 
effects of the Official Secrets Act on our economy and 
our freedom. 

We're also keen to provide material for people 
working in peace education in schools, colleges and 
other organisations. Peace education involves en- 
suring that students and pupils are presented with as 
wide a variety of points of view as possible, with undis- 
torted and complete statements of fact on a variety of 
subjects. These should include national and world 
defence and militarism, third world issues, racism, 
multi-national companies, etc. people can then be 
encouraged to put their own point of view, join in the 
debate and make their own minds up. We want to be 
able to provide advice and information, to help plan 
sessions, to provide speakers who can talk about their 
personal experiences of the industry or about positive 
aspects of technology, and to help produce high 
quality software and text books on relevant topics. 

That's an ambitious program because we only have 
a few people working in this field at the moment, but 
we've already achieved quite a lot. Three first year 
polytechnic communications study students pro- 
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duced a tape/slide presentation on EfP, we've given a 
eveloped a fantasy based on space and 
related concepts, we’ve discussed personal experi- 
ences of the industry with sixth form girls, given talks to 
around 100 electronics students on engineering and 
morality, talked about aspects of technology to 11 and 
12 year olds and worked with a peace education work- 
ing party to produce a PE programme and resources. 


And what about the future? 


| want to see EfP getting involved in arms conversion 
intiatives, in developing means whereby industrial 
pian and human and other resources currently used 
or military purposes may be switched over to work 
which is socially useful. It’s not a case of moral 
extremism, of unreasonable demands for the removal 
of all military capacity. There’s no reason why there 
shouldn’t be a gradual change of emphasis from the 
military use of particular resources to a commercially 
sound mixture of military and civil projects, with the 
military content perhaps forming less than half of the 
total. With this sort of balance the two can benefit 
each other, whereas at present the military side is all 
too often dominant and causes gross inefficiency in the 
execution of the civilian work. I'd like to see more co- 
operative working, between individuals and small 
companies, and education, which is my personal 
interest. I’m sure others in EfP have got their own 
priorities. But the arms conversion thing, | think we 
should be fairly big on that soon. I’ve put a proposal 
into the GLC Arms Conversion Council and |’m pretty 
hopeful that they'll take at lease some of it up. 


Are there any particular questions you'd like people to 
ask themselves after reading this? 


What sort of world do you want for yourself and are you 
poli with what's going on? Do yeu believe that you 
cou influence the world to be a better place ? Do you 
really regard your job as part of your life, because, if 
not, you're dead for much of the time. Is that what you 
want to happen? If not, you've got to take part in decid- 
ing what you want to see in the world and doing some- 
thing about it. Our actions and inaction directly affect 
the state of this nation and of the world, whether we 
acknowledge it or not. People starve in Ethiopia largely 
because the US and UK governments disapprove of 
the politics opf their government, and because we 
allow them to get away with it. We in the UK have a par- 
military police force which can easily gain access to 
records on every individual — because we allow them 
to get away with it. You may think that 1984 has 
passed: it hasn't, it’s only just begun, but only if we 
allow it. My own life has changed incredibly since | 
decided to take responsibility for myself rather than sit 
back and let poranians, bureaucrats and business 
people screw things up in my name. | also enjoy life 
very much more now. 


Tony Wilson and Electronics for Peace can be contac- 
ted at Townsend House, Green Lane, Marshfield, Chip- 
penham, Wiltshire SN14 8JW, tel 0225-891710. 
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PROJECT 


CCD DELAY LINE 
EFFECTS BOARD 


The man and his puns have gone, but the echoes linger. Phil 
Walker describes an add-on CCD delay line effects board for the 
ETI “Sonneti’’ combo. 


an add-on for the “Sonneti” 

combo unit published in last 
month's ETI. It fits neatly into the 
space available and is wired to suit 
the unused effects board 
connector on the combo pre- 
amplifier PCB. It draws its power 
from the combo’s regulated 
supply, but there is no reason why 
it ray not be built as a separate 
unit or installed in another 
amplifier provided the appropriate 
supplies are available and the 
signal levels are correct. 


The Circuit 


The input from the pre- 
amplifier section arrives via the 
plug at 1C2a which acts as a mixer 
to combine it with a proportion of 
the output signal. The combined 
signal then passes via a low-pass 
filter whose cut-off frequency is 
about 8kHz. This filter was found 
to be essential to avoid aliassing in 
the delay line devices. 

The signal then enters the first 
of the three bucket brigade delay 
line chips. This is either a 
TDA1022 device with 512 stages 
or anewer TDA1097 device with 
1536 stages. Note that the PCB is 
laid out to take either device but 
R31 may need to be adjusted if 
the TDA1022 device is used since 
it has a loss of about 4dB per stage 
as Opposed to a nominal OdB for 
the TDA1097. For one 1022 R31 is 
68k, for two it is 47k and for three 
it is 33k. This will not give exact 
compensation but should prove 
adequate. In our prototype the 
two devices were mixed quite 
successfully, 

The output from the delay 
devices is passed via another 


T his echo unit was designed as 


low-pass filter to remove most of DECAY 

the switching noise which might 

otherwise upset the main & 
amplifier. The signal then passes to Fig. 1 Block diagram of the effects board. 
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Fig. 2 Circuit diagram of the 


IC3C and d in the circuit above. 


effects board. i 

R10 

150k CLOCK H 

OSCILLATOR } 

-16V0 } 
CROSSOVER VOLTAGE MUST BE 3V OR LESS j 

BELOW THE VOLTAGE AT PIN 18 ON TDA 1022s ; 

OR PIN 8 ON TDA10075 i 

Fig. 5 Clock signal requirements for the CCD delay line ICs. These are supplied by i 


300kHz for 1022s. The minimum rules of whit Aalpried A The main 
Tor view clock frequency limit is deter- requirement is that the clock fre- 
Fig, 3 Pin connections of the TDA1022. mined by the input filter. uency must be greater than twice 
Since the bucket brigade delay _ the highest input signal compo- 
line devices work by sampling the nent. Since we cannot be sure 
input signal they are subjectto the —_ what the input signal contains, a 


SS +s Rey 


CLOCK INPUT 1(CP1) [4] 13] GND ra 
CLOCK INPUT 2 (CP2)[2] 17) “ao PA RTS LI ST 
SIGNAL INPUT IN [3] 6 | {OUT1536) OUTPUT 1536 
ouTPUT 1837 {OUT1537) [4] Bho RESISTORS (0.25 W 5% carbon film) 150p polyestyrene 
TOP VIEW R1 220k or ceramic 
Fig. 4 Pin connections of the TDA1097. gis, ban oe tantulum 
29,31,32,33 100k 10 
another mixer stage and then to R4 1M0 
the output pin on the plug. There R5,6,7,8,11 10k SEMICONDUCTORS 
are extra input points on both R9,10,14 150k TLOO72 or TLOB2 
mixers (marked A, B and C) to on se rotted 
allow the more adventurous to try R20 ské 1C4,5,6 TDA1022 or 
other effects. R21 1k0 TDA1097 
In order for the delay devices RVI 100k linear Q1 BC212L 
to work properly they must be potentiometer D1-4 1N4148 
supplied with a two phase, non- RV2,3 10k linear 
overlapping clock signal. This is potentiometer MISCELLANEOUS 
generated by IC3 and drives all RV4 4k7 miniature swi single pole on/off 
the devices in parallel. The horizontal preset switch — could be 


minimum frequency of this clock part of RV1 if 


determines the maximum delay 


CAPACITORS (miniature PCB mount- desired 


: . ing polyester unless otherwise stated) PCB; DIL 1C sockets — 1 off 8 pin, 2 
phat eal Heys bal hed al ; C1,2,5,9-12,16-19 100n off 14 pin and 3 off 16 pin; 5-way right 
‘ s ; C3,4 220p miniature angle PCB plug; 20 off vertical PCB 
30kHz in this design. The max- ceramic mounting brackets and nuts and bolts 
imum frequency of the clock C6,13 560p polystyrene to suit; 3 off control knobs; wire, ter- 


generator should not exceed or ceramic minal pins, etc. 
100kHz for 1097 devices or 
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R32 
R29 
100k ade C14 100k Hd 


3 
47k => 


C13 


low pass filter has been included 
to block frequencies higher than 
8kHz. The rather simple nature of 
the filter does not allow a sharp 
cut-off and some signal will get 
through even at 16kHz, but the 
amount will be small enough to 
ignore. 

If we did not comply with the 
sampling frequency rule men- 
tioned above, frequencies above 
half the sampling requency would 
appear as lower frequencies at the 
output. For example: 


MOD ON/OFF 


NOTE: IC45,6 
TDA1022s OCCUPY ALL 16 PINS 
TDA1097s OCCUPY CENTRAL 8 PINS ONLY 


100n 
R30 iea> 
cis 
560p 3 ud 


PROJECT : Effects Board 


O OUTPUT 


NOTE: 

(C1 = TLO72 or TLOB82 

1C2 = TLO74 

IC3 = 4011 

1C4,5,6 = TDA 1097 {or 1022) 
Q1 = BC212L 

D1-4 = 1N4148 


* ADJUST R31 TO ACCOMODATE TDA 1022 
1 x 1022 = 68k 


** ADJUST R14 TO ALTER REVERB TIME 


fsample = 30kHz, 
‘signal =21 kHz, 
foutput ~ 9kHz 


Also, the output signal would often 
not have any musical relation to 
the input signal and would usually 
sound unpleasant. 

For those who wish to experi- 
ment with chorus, phasing and 
henging the PCB also contains a 
low frequency triangle wave 


Fig. 6 Component overlay of the effects board. 
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HOW IT WORKS 


IC2a acts as a virtual earth mixer to|} 


combine the input signal with a pro- 
portion of the output. This mixture 
then passes to 1C2b which is connec- 
ted as a low pass filter with a cut-off 
frequency of about 8kHz. This filter is 
necessary to avoid problems with 
aliassing whereby high frequency com- 
ponents of the signal would be 
transformed into lower, non-har- 
monically related output frequencies. 

The output from 1C2b passes to IC4, 
5 and 6, the three bucket-brigade 
delay line devices. Their signal input 
pins are biassed by R22, 24 and 26 
from the voltage at the wiper of RV4, 
This voltage is by-passed by C8 to pre- 
vent interaction and signal feedback. 
The signal is AC coupled by C9, 10, 11 
and 12 and DC conditions at the out- 
puts of the delay chips are satisfied by 
R23, 25 and 27. An additional bias 
signal is tapped off the RV4 divider 
chain by R20 and 21 to feed IC4, 5 
and 6. 

The output signal from the delay 
devices is passed to IC2c which is con- 
nected as another low-pass filter. Its 
purpose is to remove most of the high 
frequency switching noise generated 
in the delay line. After this the signal 
passes to IC2d which is connected as 
another virtual earth mixer. 

The high frequency, two-phase, non- 
overlapping clock signal needed to 
drive the delay devices is generated by 
1C3. IC3c and d ensure that the out- 
puts cannot be low simultaneously 
while 1C3a and b provide a symetrical 
square wave oscillator. By means of 
D3 and D4 the frequency of oscilla- 
tion can be varied. 

Q1 and its associated resistors and 
potentiometers allow the voltage 
applied to D3 and 4 to be varied and 
thus alter the clock frequency and 
hence the delay time. D1 and D2 are 
fitted only as protection for Q1 and 
may not be necessary. RV3 allows the 
steady state delay time to be altered 
while RV2 regulates the amount of 
modulation applied from the low fre- 
quency oscillator. 

IC1 is the low frequency oscillator. 
IC1b is connected as an integrator 
while IC1a acts as a Schmitt trigger. In 
normal operation with SW1 closed, 
when the output of 1C1a is positive a 
current determined by RV1 and R4 
will flow into C1. 1C1b will prevent the 
inverting input from going high by 
ramping its output pin negative. When 
it reaches about —7.5¥V (set by R1 and 
R2) IC1a will switch rapidly so that its 
output is negative. This will reverse the 
current flowing in RV1 and R4 and the 
output of IC1b will ramp in a positive 
direction. When it reaches about 
+7.5¥V IC1a will change state again and 
the process will continue. 

If SW1 is opened then the oscillator 
action will cease and the output of 
IC1b should slowly settle to about 0V 
because of the action of R3. Note that 
R3 has no effect until SW1 is open. 


generator which can be used to 
modulate the frequency of the 
clock oscillator and thus vary the 
delay of the unit. This facility 
together with the extra mixer 
inputs should prove quite interest- 
us It may be found for these 
effects that one TDA1097 or up 

to three TDA1022s are better than 
several TDA1097s, In this case the 
input link should be moved to 
eliminate the IC4 and 5 positions 
as necessary. 


Construction 


Begin assembling the PCB by 
installing the wire link and, if you 
intend using them, the IC sockets 
and the right-angle PCB plug. The 
ICs can, of course, be soldered 
directly to the board if you prefer 
but we would recommend sockets 
for 1C4, 5 and 6 at least because 
these devices are expensive and 
sensitive to static. The PCB plug is 
only necessary if you are buildin 
the unit for use with the “Sonnet”. 

Continue assembly by solder- 
ing the resistors and capacitors 
into place and finally install the 
diodes, the transistor and the ICs. 
If you do not require the variable 
frequency oscillator section you 
can omit 1C1. The TDA 1022s are 
sixteen pin devices and will 
occupy the whole of the 1C4, 5 
and 6 socket areas but the 
TDA1097s are 8 pin devices and 
should be connected to the 


middle eight pins only as.shown rn 


on the overlay. 
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“tbe kept away from the mains 
“wiring, The 


o PCBs are very 


The delay line PCB should fit by ‘close together when the connec- 


comfortably into the space bet- _— 8, tor has been pushed home and it 


ween the “Sonneti” preamplifier a hi be found that there is not 
i 


board and the mains wiring screen,:';; suf 
but you may find it necessaryto. 
move the preamplifier alonga =, 


little to make room. If you have 
used a case other than the one 
specified and find you are short of 
space, one solution might be to 
take the mains switch and 
indicator outside of the case pro- 
per and mount them on the blank 
section of the front panel at the 
right hand end. That will leave 

enty of room inside for the delay 
ine board and also clear a section 
of front panel for the controls. 
Alternatively, the controls could 
be mounted in the middle of the 
panel between and just below the 
input sockets. 

The PCB should be positioned 
with the component side facing 
forward and then pushed into the 
connector on the “Sonneti” pre- 
amplfier board. The wiring to the 
three potentiometers and the 
switch is not critical but it should 


icient ¢learance for the two 
adjacent mrounting brackets. A 
little bit ofifiling should cure the 
problem. 

Begin testing the board by carry- 
ing out a thorough visual check, 
including the wiring to the poten- 
tiometers and the switch, then 
remove the delay line ICs and 
switch on the power supply. 
Check that the oscillator is work- 
ing correctly and that all appears 
to be generally well (i.e., no 
smoke!). Switch off, set RV4 to mid 
travel and insert the delay line ICs. 
Switch on again and you should 
find that the unit is working. If any 
distortion is present, adjust RV4 
until it goes. If you are using the 
delay line as a self-contained unit 
or ina piece of equipment other 
than the “Sonneti”, make sure that 
the input signal level is less than 
1.5V RMS because too high an 
input level will also cause 
distortion. 


8-25mS WITH 1022 
22-75mS WITH 1097 
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of Fig. 7 Connection arrangements for echo/chorus, phase and flanger effects. 


Experimental Effects 


As designed, the unit can pro- 
duce an echo effect with 
TDA1097s or a shorter echo with 
TDA1022s. For a chorus effect it 
would be advisable to use 
TDA1022s and increase the clock 
frequency with RV3. The LF 
oscillator should be used to modu- 
late the delay. Both of these 
effects should be obtainable with 
the standard connection to the 
pre-amp. 

For phase and flanging effects it 
may be necessary to take the out- 
put direct from the unit. !t may 
also be necessary to adjust the 
resistor values in the mixer stages 
and provide variable gain controls 
in places to get the best effects. 


BuYLINEs _ ©! 


The TDA1022 is widely available and 
Crickelwood supply the TDA1097. The 
remaining semiconductors and all of 
the other components are perfectly 


standard and should present no pro- 
blems. The PCB is available from our 
PCB Service. 
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Fruitless Wait 


Dear Sir, 

It is about time that the ET! 
team realised that there are other 
computers that deserve attention 
besides the BBC, the Electron, the 
Spectrum and the ZX81, How 
about doing a project for the Apple 
Il for a change? Or is it too 
upmarket for you? 

! for one have got increasingly 
fed up with you just doing every- 
thing useful for the above 
mentioned machines but totally 
al pa the Apple. Maybe you 
could produce a version of the 
Electron speech board for the 
Apple, or a morse decoder (I’m 
particularly surprised that this 
hasn't been done if the ETI editor 
is indeed a ham), or even an 
EPROM programmer. It’s infuriat- 
ing when people come up to you 
and say “Your Apple can’t do that” 
or “in order to do it from BASIC we 
have to go into machine code”. 

So come on ETI, forget the 
brand new machines and help the 
old ones catch up. If you can't, 
who will? 

Yours sincerely, 

lan Topliss 

Chelmsford 


The Apple — Neglected? By Us?? Well... 


We'd love to help, but the solution 
is not as simple as you seem to 
imagine. Whenever we publish a 
major computer project we 
romptly receive hundreds of 
etters from people who want a 
version suitable for their machines, 
and given the wide range of micro- 
computers owned by our readers 
this is an impossible task. It would 
mean that for months after the 
appearance of such projects we 
would have to sacrifice new 
designs to make room for the mod- 
ifications, and since most of our 
technical authors only have one 
machine the modifications would 
have to be developed ‘in house’, 
using up large quantities of our 
Project Editor’s valuable time. 

We have published designs for 
use with a wide range of micro- 
computers in addition to those you 
list, including the Ace, the Atom 
the ZX80, the Sharp MZ80K and 
the Microtan 65, but it is inevitable 
that the designs we present will 
reflect the popularity of individual 
machines among our readershi 
and that the less popular machines 
will receive little or no coverage. 
However, we will be looking care- 
fully at the results of the recent 
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Readers’ Survey to see how trends 
in computer ownership are chang- 
ing, and we always welcome 
innovative designs whatever 
machine they are intended for. So 
why not have a go at designing 
something yourself and let us have 
a look at the end result? 

As to your comment about the 
ET! editor, he is indeed a radio 
amateur (callsign GIHRT) but ETI 
has a sister magazine called Ham 
Radio Today and projects related 
specifically to amateur radio are 
anaRY presented there rather than 
in ETI. 

STOP PRESS! The assistant editor 
has just passed his RAE (with a 
distinction and credit, no less, just 
like his Ed.) but has yet to get his 
callsign. 


Walking Into The History 
Books 


Dear Sir, 

I read with great concern that 
ou will soon be losing your Pro- 
ject Editor, Phil (pun-man) Walker, 

whose technical brilliance is 
matched only by his overloaded 
sense of humour. 

Even though you are not in the 
habit of doing so, | think a brief 
resume of Mr, Walker coupled 
with a teensy photograph would 
be in order. This is abealutaly 
necessary for my ETI hall of fame 
cabinet (I also need to locate 
him about projects that didn’t 
work!). 

Congratulations Mr. Walker 
(and ETI) for your excellent work. 
We appreciate it on this side of the 
globe too! 

Sincerely yours, 

Edwin Kinyanjui 

Nairobi 


Phil Walker has, alas, already 
departed, and he will not be an 
easy act to follow. As for publish- 
ing a resume of his career, the only 
aspects of it we are sufficiently 
familiar with are the bits he used to 
tell us about after the office Xmas 
party, and we’re not going to 
publish things like that! We hope 
that the picture published in last 
month’s News Digest pages looks 
good in your hall of fame. 


Please send your letters for this 
page to: The Editor, Electronics 
Today International, ASP Ltd, 1 
Gcelden Square, London W1R 
3AB. And please note that any 
letter we receive is liable to turn 
ue on this page unless it is 
clearly marked ‘Not for 
publication’. 
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David Versus A Goliath Tank? 


Dear Sir, 

The review of the UK defence 
industry, under the title “System 
Failure” in ETI January 1985, 
brought out many relevant facts 
but also demonstrated the fun- 
damental truth that different 
observers almost inevitably see a 
given situation in quite different 
ways. 

Take, for example, the unfor- 
tunate Belgrano incident. Would it 
have been sensible to use an 
expensive Stingray in circum- 
stances where an older type of 
torpedo was available and clearly 
adequate for the task? There are 
situations of conflict in which a 
stone and a catapult would be just 
as effective as the latest Armalite 
rifle, and there are circumstances 
in which the catapult would be 
useless. For that matter, so might 
the rifle... 

The nominal object of defence 
development is to support the 
growth of technologies which will 
cope with increasingly difficult 
combat situations. Anew weapon 
creates a new threat, and calls for 
an effective countermeasure, A 
very large proportion of the total 
defence expenditure is accounted 
for by that sort of activity. Unfor- 
tunately, those who hold the purse 
strings, under pressure from the 


services, prefer to place orders for ~. 


specific equipment which may be 
outdated by the time it is ready. 
The cost of research is paid for out 
of overheads, or from ‘private ven- 
ture’ funding (i.e., out of profits!). 

A particular difficulty in defence 
work is that it often calls for perfor- 
mance characteristics which arise 
nowhere else. Storage life may be 
important, and immunity from 
magnetic and radiation fields. This 
pushes up the cost, and makes 
adequate testing of specialised 
components more difficult. 

Where the only possible test is 
a test to detruction, ‘type testing’ is 
the only option. Make a hundred 
copies of a certain device, test ten 
of them successfully, and you will 
have greater confidence that the 
other ninety will work. That is only 
valid, however, if the ten and the 
ninety are made as a single batch, 


ETI APRIL 1985 


by identical methods and with 
identical pre-testing schedules. 

The overall characteristics of a 
device are usually agreed by the 
purchasing agency and the supplier 
as a starting point. The supplier is 
then likely to sub-contract parts of 
the work on the basis of specifica- 
tions drawn up to define each part 
precisely. There is usually a “fitness 
for use” clause which is intended 
to mop up anything that was left 
out of the specification, but the 
ploy rarely works. 

An interesting example of this 
was a unit for use in civilian air- 
craft. Everything worked perfectly 
until ground pressurisation tests 
were carried out. Then the 
increased pressure pushed in the 
side of a metal can until it touched 
pear) circuitry. Who would have 
‘though of specifying a test at 

atmospheric pressure plus? The 
expectation was that pressure 
would be more commonly below 
atmospheric. ° 
~The sub-contract specifications 
can be the weakest link in the 
_. whole chain, and administering 
--them can call for expertise on a par 
with that provided by the sub- 
contractor. ’* 


The same piece of aircraft 


’, equipment also illustrates the pro- 


~ position that ‘preventative main- 

_y tenance’ meant work which 
prevented the equipment working 
<properly. Inearly service, there was 

“continual trouble until the main- 
tenance staff were persuaded to 
leave well alone. When that was 
done, the: equipment received the 
acolade of being “the most reliable 
piece of aircraft equipment ever 
made”. 

On the commercial side, it is 
true that ‘cost plus’ has given way 
(nominally) to ‘fixed price’, but 
matters have gone even further. It 
was normal for the MOD to retain 
ripis of control over foreign sales 
of a product. Under some con- 
tracts they now yield that right, and 
the supplter is then justified in 
reducing his charges in the expec- 
tation of profiting from foreign 
sales, 

The commercial haggling 
before an order is placed can be 
intense, especially if American 
competition is involved, and the 
pressures that are created can have 
an adverse effect on the validity of 
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the technical claims which are 
made. 
Back in the nineteen-fifties, a H 
Technical Director remarked that 
his company’s profits depended on 
development contracts rather than i 
on manufacturing activities. This i 
could still apply in some areas. 
Perhaps it should, since it is the [ 
research and development work 


. that really matters. 


Anyone who has worked in 
both commercial and military 
manufacturing and compares them 
— and most people stay on the 
side of the fence they know best — 
is aware of a vast difference of 
approach, A commercial company 
may cut corners, relying on the 
experience of their engineers to 
safeguard them from catastrophe. 
In a military manufacturing 
environment there is a profound 
distrust of engineering judgement, 
and a'second line of defence in 
which Quality Assurance excer- 
cises control too many decisions. 
The control is mandatory for 
defence contracts, but it is no 
more.effective in some cases than 
the blind leading the lame. 

The furore over IC testing is an 
example of this. The ICs are said to 
have been tested to the ‘wrong’ 
specification, which was the nor- 
mal standard version rather than 
one cooked up by people who 
know only a limited amount about 
the product, basing their require- 
ments on an arbitrary set of rules. 

This, perhaps, is the key to 
extended development time- 
scales. There is a standard develop- 
ment cycle for electronic 
equipment, but it can be 
shortened, at risk, if a commercial 
approach is adopted. Quite pro- 
bably, however, there will then be 
a demand for work to be repeated 
‘in the proper way’, even if the 
result is entirely satisfactory. 

One point was not covered in 
the original article. A ae propor- 
tion of all ICs are partially or 
wholly made in Malaysia, Taiwan or 
Hong Kong. How could equipment 
using these devices be made in 
wartime? A sea/air blockade would 
cut off supplies only too easily. 

Yours sincerely, 


Bill Horne 
Greenock 
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Enquiries 
We receive avery large numberof enquiries. Would 
prospective enquirers please note the following 
points: 
@ We undertake to do our best to answer en- 
quiries relating to difficulties with ETI projects, in 
particular non-working projects, difficulties in ob- 
taining components, and errors that you think we 
may have made. We do not have the resources to 
adapt or design projects for readers (other than for 
publication), nor can we predict the outcome if our 
projects are used beyond their specifications; 
@ Where a project has apparently been construc 
ted correctly but does not work, we will needa des- 
cription of its behaviour and some sensible test 
readings and drawings of oscillograms if approp- 
riate. With a bit of luck, by taking these measure- 
ments you'll discover what's wrong yourself. Please 
do not send us any hardware (except as a gift!); 
@ Other than through our letters page, Read/ 
Write, we will not reply to enquiries relating toother 
types of article in ET], We may make some excep- 
tions where the enquiry is very straightforward or 
where it is important to electronics as a whole; 
@ We receive a large number of letters asking if we 
have published projects for particular items of 
equipment. Whilst some of these can be answered 
simply and quickly, others would seem to demand 
the compiling of a long and detailed list of past pro- 
jects, To help both you and us, we have made a full 
index of past ETI projects and features available 
(see under Backnumbers, below) and we trust that, 
wherever possible, readers will refer to this before 
getting in touch with us. 
@ We will not reply to queries that are not accom- 
panied by a stamped addressed envelope (or inter- 
national reply coupon), We are not able to answer 
queries over the telephone. We try to answer 
promptly, but we receive so many enquiries that 
this cannot be guaranteed. 
@ Bebriefandtothe point in yourenquiries. Much 
as we enjoy reading your opinions on world affairs, 
the state of the electronics industry, and so on, it 
doesn't help our already overloaded enquiries ser- 
vice to have to plough through several pages to find 
exactly what information you want. 


Subscriptions 


The prices of ETI subscriptions are as follows: 

UK: £16,30 

Overseas: £18.30 Surface Mail 
$24.00 Surface Mail (USA) 


£43.30 Air Mail 
Send your order and money to: E11 Subscriptions 


Department, Infonet Ltd, Times House, 179 The 
Marlowes, Hemel Hempstead, Hertfordshire, HP1 
1BB (cheques should be made payable to ASP Ltd), 
Note that we run special offers on subscriptions 
from time to time (though usually only for UK sub- 
scriptions, sorry). 

ETI should be available through newsagents, and 
if readers have difficulty in obtaining issues, we'd 
like to hear about it. 


Backnumbers 


Backnumbers of ETI are held for one year only from 
the date of issue. The cost of each is the current 
cover price of ETI plus 50p, and orders should be 
sent to; ETI Backnumbers Department, Infonet Ltd, 
Times House, 179 The Marlowes, Hemel Hemp- 
stead, Hertfordshire HP1 1BB, Cheques, postal 
orders, etc should be made payable to ASP Ltd. We 
suggest that you telephone first to make sure there 
are still stocks of the issue you require: the number 
is (0442) 48432. 

We would normally expect to have ample stocks 
of each of the last twelve issues, but obviously, we 
cannot guarantee this. Where a backnumber pro- 
vesto be unavailable, or where theissue you require 
appeared more than a year ago, photocopies of 
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individual articles can be ordered instead. These 
cost £1.50 (UK or overseas surface mail), irrespec- 
tive of article length, but note that where an arte 
cle appeared in several parts each part will be 
charged as one article. Your request should state 
clearly the title of the article you require and the 
monthand yearin which itappeared, Where an arti- 
cle appeared in several parts you should list these 
individually. An index listing projects only from 
1972 to September 1984 was published in the 
October 1984 issue and can be ordered inthe same 
way as any other photocopy. If youare interested in 
features as well as projects you will have to order an 
index covering the period you require only. A full 
index for the period from 1972 to March 1977 was 
published in the April 1977 issue, an index for April 
1977 through to the end of 1978 was published in 
the December 1978 issue, the index for 1979 was 
published in January 1980, the 1980/81 index in 
January 1982, the 1982 index in December 1982, 
the 1983 index in January 1984 and the 1984 index 
in January 1985. Photocopies should be ordered 
from: ETI Photocopies, Argus Specialist Publica- 
tions Ltd, 1 Golden Square, London W1R 3AB, 
Cheques, postal orders, etc should be made pay- 
able to ASP Ltd. 


Write For ETI 


We are always looking for new contributors to the 
magazine, and wé pay a competitive page rate. If 
you have built a project or you would like to write a 
feature onatopic that would interest ETI readers, let 
us have a description of your proposal, and we'll get 


back to you to say whether or not we're interested 


and give you all the boring details. (Don’t forget to 
give us your telephone number). 


‘Trouble With Advertisers 


So far as we know, all our advertisers work hard to 
provide a good service to our readers. However, 
problems can occur, and in this event you should: 
1, Write tothe supplier, stating your complaintand 
asking for areply. Quote any reference number you 
may have (in the case of unsatisfactory or incom 


_ plete fulfilment of an order) and give full details of 


the order you sent and when you sent it 

2. Keep a copy of all correspondence. 

3. Check your bank statement to see if the cheque 
you sent has been cashed. 

4. if you don’t receive a satisfactory reply from the 
supplier within, say, two weeks, write again, sending 
your letter recorded delivery, or telephone, and ask 
what they are doing about your complaint. 

If you exhaust the above procedure and still do 
not obtain a satisfactory response from the supplier, 
then please drop us a line, We are not able to help 
directly, because basically the dispute is between 
you and the supplier, but a letter from us can some- 
times help to get the matter sorted out. But please, 
don't write to us until you have taken all reasonable 
steps yourself to sort out the problem, 

We are a member of the mail order protection 
scheme, and this means that, subject to certain con- 
ditions, if a supplier goes bankrupt or into liquida- 
tion between cashing your cheque and supplying 
the goods for which you have paid, then it may be 
possible foryou to obtain compensation. Fromtime 
to time, we publish details of the scheme near our 
classified ads, and you should look there for 
further details. 


OOPS! 


Corrections to projects are listed below and normally 
appear for several months. Large corrections are 
published just once, after which a note will be inser- 
ted to say that a correction exists and that. copies 
can be obtained by sending in an SAE. 
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EPROM Card (June 1984) 

On the circuit diagram, Q2 base is shown connected 
to +25V, but should be connected to +5¥V. Q3 
should not be connected to OV, but only to point a. 
The capacitor connected between +25V and OV is 
C5 and should be 242 35¥V tantalum bead, Switch 
connected across C4 isSW1 onoverlay, Increase RB 
to 2k7 if using suggested PSU, (R8 OK for 24V), 


Spectrum Joystick Interface (June 1984) 

The PCB and the circuit diagram do not agree; the 
circuit diagram is correct, and al! PCBs sent out by 
the PCB service should have been amended. IC3 is 
7418241, as correctly stated in the parts list but 
incorrectly given in the footnote to the circuit 
diagram, 

CMOS Tester (August 1984) 

C3 and C2 are reversed on the overlay: C3 is the 
electrolytic and C2 the polyester. R33 is 100K, 
not 1 Mas given in the parts list, and RV1 isaTM 
horizontal skeleton preset. R1-16 are two, eight- 
resistor SIL packages, the component labelled 
Cl4 onthe overlayisSK1, andthe connections to 
D2 shown in Fig. 3 are reversed, On the circuit 
diagram, the eight lines connecting SW9-16 to 
the inverters are shown in reverse sequence, 
Some of the inverters have been given the 
wrong designations; the correct sequence, 
reading down from the top, is:- 1C1f, |C2a, 1C2b, 
IC1e, IC1d, IC1¢, IC1b, IC1a, 1C2¢, IC2d, !C2e, 
IC3d, 1C3a, 1C3b, 1C3c, IC2f. Finally, the pin 
numbers are missing from !Cs3eandf; the input 
of IC3e is pin11 and its output pin 12, and the 
input of IC3f is pin 14 and its output is pin 15. 
The PCB is correct in all respects, 

Sharp joystick Interface (August 1984) 

Some of the inverter pins are incorrectly 
labelled on the circuit diagram, Pins 11 and 10 
are shown reversed on IC1b, pins 9 and 8 are 
shown reversed on|C1c, and the output of IC4d 
is pin 10, not pin 20, Note that a number of the 
inverters have been incorrectly shown as nor 
inverting buffers. 


AM/FM Radio (November 1984) 

In Fig, 2, the oscillator and !F sections should be 
shown connected to ground; the PCB is correct, In 
Fig. 4, C31 should be 10n to give the 75us 
deemphasis shownin Fig. 3,but4n7 has been found 
to give a brighter midrange. R38 in Fig. 5 should, of 
course, be 820k rather than 280k and it and the 
bottom end of C38, C44 etc should be shown con- 
nected to ground, In the construction section on 
page 25, four pieces of 8mm plywood are men- 
tioned but in fact only three are needed — the 
fourth side is the front panel, See also the note in 
December News Digest regarding availability ofthe 
inductors. 


Digital Control Port (November 1984) 

The second sentence jn the “Testing” section on 
page 30 should include the words ‘without any ICs 
in place’ |nthe second paragraph of that section, the 
check for +5V should be made on pin 3 of IC101, 
not IC1. At the bottom of the first column on page 
31, the last sentence should finish with B3 = 0. 


Video Vandal (November 1984) 

In Fig. 8 on page 54, R16 and R17 should be shown 
connected to the base of Q4, and C12 and SW2 
should be in the D output line rather than the OV 
line. It may also be beneficial to add a diode across 
R3 with its anode connected to the slider of RV1. in 
Fig. 10, R52 and LED2 are shown connected across 
the+12Vsupplybutitis betterto place them across 
the —12V supply soas to even-up the dissipation in 
the ICs. 

VCDO (March 1985) 

RV2 should be 10k (right in parts list, wrong on cir- 
cuit diagram). 
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ETI PCB SERVICE 


In order to ensure that you get the correct board, you must quote the reference code when ordering, 
The code can also be used to identify the year and month in which a particular project appeared: the first 
two numbers are the year, the third and fourth are the month and the number after the hyphen indicates the 
particular project. 

Note that these are all the boards that are available — if it isn’t listed, we don’t have it. 

Our terms are strictly cash with order — we do not accept official orders. However, we can provide a 
pro-forma invoice for you to raise a cheque against, but we must stress that the goods will not be 
dispatched until after we receive payment. 
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CO £E/8109-1 Mains Audio Link (3 bds)... 8.45 O £/8308-1 Graphic Equalisr......... 9.10 QO £/8408-3 Infrared Transmitter ..... 3.70 
QO €/8109-4 Laboratory PSU ......... 5.21 OQ £/8308-2 Servo Fail Safe QO £/8408-4 Infrared Receiver........ 3.98 
QO €/8110-1 Enlarger Timer........... 3.91 HOUFOMD) caer sce canienae vender 2.93 O £/8408-5 CMOS Tester......... --. 4,60 
O £/8110-2 Sound Bender........... 3.05 ©  £/8308-3 UniversalEPROMprog ... 9.64 DO £/8409-1 EX42 Kybd, Interface .... 3.82 
0 £/8111-1 Voice Over Unit......... 4.57 0 £/8309-1 NiCad Charger/Regen ...3.77 O £/8409-2 Bansheee Siren.......... 3.19 
D £/8111-3 Phone Bell Shifter........ 3.40 © £/8309-2 Digger...............655 3.40 Q  £/8409-3 Dry Cell Charger......... 2.80 
0 £/8112-4 Component Tester....... 1.71 O  £/8309-3 64K DRAM..........+- 14.08 O £/8410-1 Echo Unit............... 3.92 
O £/8310-1 Supply Protector ........ 2.19 O £/8410-2 Digital Cassette ......... 9.80 
1s CO £/8310-2 Car Alarm......... 0006+ 3.98 0 £/8410-3 Disco/Party Strobe ...... 4.80 
QQ £/8202-2 Allez Cat Pest Repeller...1.93 £93193 Typewriter interface ..... 4.17 OQ £/8411-1 AM/FM Radio (4 bds)... 13.02 
C1 £/8202-5 Moving Magnet Stage....4.01 =) ¢/g344.4 Mini Drum Synth ........ 3.07 © £/8411-2 Control Port-control bd 12.15 
C1 £/8202-6 Moving Coil Stage ....... 4.01  £/8311-2 Alarm Extender.......... 3.21 ©  £/8411-3 Control Port-I/O bd ..... 6.33 
QO £/8203-4 Capacitance Meter Cl £/8311-3 Multiswitch ..........-.. 3,59 QO £/8411-4 Capacitance Meter, ...... 3.55 
(2 bOStdS) scaias shaw wneiamaxay 11.660 Gs gvg311-4 Multiple Port............ 4.34 QO £/8411-5 Video Vandal (3 bds) .., 12.10 
ODO £/8205-1 DV Meg ..........6-0 05. 3-13 Gs £/g311-5 DAC/ADC Filter ......... 3,22 O £/8411-6 Temperature Controller. . . 2.88 
O £/8206-1 lon Generator (3 bds) ....9.20 7) £78317-6 Light Pen ........0..0055 4.60 © &/8411-7 Mains Failure Alarm...... 2.54 
C £/8206-4 MOSFET Amp Module ...7.80 =) 7831.7 Logic Clip........2..00++ 2.51  O £/8411-8 Knite Light.............. 3.25 
DO £/8206-5 Logic LOCK... 0.65 eee nee 352 0 4 E/8311-8 MC Head (JLLH).....-... 3.17 O  £/8411-9 Stage Lighting Interface... 3.73 
CD E8206-6 Digital FWM.......+4 +025 3.84 = £/a312-1 Lightsaver..........0.... 1.85 © £/8411-10 Perpetual Pendulum... 3.14 
G  £/8206-7 Optical Sensor......+.+. 2.00 1 £/8312-2 A-to-D Board........... 12.83  £/8412-1 Spectrum Centronics .... 3.51 
D E/8206-9 Oscilloscope (4 bds)....13.34 E/8312-3 Light Chaser (2 bds) ..... 7.54 0 £/8412-2 Experimenter’s DRAM. .. 14.08 
O £/8212-2 Servo Interface (2 bds)...6.75 £/8312-4 ZX Alarm .............-- 6.04 Ol £/8412-3 Active-8: Motherboard... 9.37 
QO £/8212-4 Spectracolumn.......... 5.54 ane O £/8412-4 Active-8; Protection Unit 3.67 
0 E/8412-5 Active-8: Crossover,..... 3,67 
1983 i : 
O £/8301-1 Fuel Gauge...........0- Sib: peneaa ceased oF ee on foe oe ees abe 
CO  £/8301-2 ZXADC........-.. 60000 2.59 (NUINE-MEYNABD sai i+ osevnsnwna 1097 'G peasae peeves ae iser....... 3.67 
O £/8301-3 Programmable PSU...... 3.45 O £/8402-2 MP (Modular Preamp) Disc “8 Active-8: Delay Unit. ..... 3.67 
O £/8303-1 SoundBoard ........... 12.83 input (Mono) ........000eeee eee 3.73 1985 ; 
O £/8303-2 Alarm Module........... 3.62 ( £/8402-3 MP Output stage (stereo) 3.73 O £/8501-1 Active Bass Speaker...... 2.79 
O £/8303-3 ZX81 User Graphics ..... 1.07 £/8402-4 MP Relay/PSU........... 3.73 © £/8501-2 DRAM Card Update...... 3.66 
OQ £/8303-4 Logic Probe............. 2.50 1 £/8402-5 MP Tone, main (mono) ...3.73 © £/8501-3 Digital Delay (2 bds) ... 26.00 
© £/8304-1 Real Time Clock......... 8.74 1 £/8402-6 MP Tone, filter (stereo)...3.73 © £/8502-1 Digital Delay Expander. . 10.79 
CO £/8304-4 Stage Lighting— Main...13.73 £/8402-7 MP Balanced output (st)...3.73. © £/8502-2 Data Logger ............ S17 
Cl £/8304-5 Stage Lighting — Display 3.45 _ £/8402-8 MP Headphone amp (st)...3.73. © £/8503-1 Combo preamplifier... . . 4.49 
O £/8305-1 Compressor/Limiter .....6.19 | £/8402-9 MP Mother board........ 9.01 © £/8503-2 THD meter mv & osc. bds 7.02 
O £/8305-2 Single PSU.............. 3.16 1 £/8403-1 Power Meter.,.......... 5.81 QO £/8503-3 THD meter mains PSU ... 3.49 
CO £/8305-3 Dual PSU............... 4.01 CO £/8403-2 Z80 DRAM............-. 9.79 O £/8503-4 THD meter battery PSU .,. 1.36 
0 £/8305-4.2 NDFLAmp...........- 7.88 © £/8403-3 Obedient Die ........... 3.76 O £/8503-5 ParaGraph Equaliser 
O £/8305-5 Balance Input Preamp... . 3.23 O £/8404-1 School Timer............ 4.07 IP/MSP & OP/PSU bds............ 9.30 
O £/8305-6 Stage Lighting O £/8405-1 Auto Light Switch........ 4.01 O £/8503-6 ParaGraph Equaliser 
Alltolad@yenssn0nseaasaowi'a san ne 6.19 ©  £/8405-2 2X81 EPROM Prog, ....10.53 filter: Wd sanecssy eaeesiseears sedan 4.51 
O £/8504/1 Framestore Memory ... 11.53 
How to order: indicate the boards required by ticking the PEGs Rams int ADEN ree8.23 
P : E/8504/3 Framestore Control .... 16.51 
boxes and send this page, bape with your payment, to: 0 £/8504/4 Buzby Meter 438 
ETI PCB Service, ArgusSpecialist Publications Ltd, 1 Golden O £/8504/5 CCD Delay . uugevaney S70 


Square, London W1R 3AB. Make cheques payable to ETI 
PCB Service. Payment in sterling only Signed 


please. Prices subject to change PLEASE ALLOW 


without notice. 
ZB DAYS FOR BONaime  cccsiscccsssscsssccssseensssnscsessceeensvcnsnecsserarsnerseonee nes 


Total for boards £ io RECN Se De eN Teale DELIVERY 
Add 45p p&p 0.45 


Total enclosed nae ROI OSS escicsercitninsctinintaraians ere 
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From a gentle purr to a mighty roar, 
the tightly controlled power of the 


beast is yours to command! | Our huge range of top quality electronic components at very competitive 


prices are all detailed in our catalogue, and with well over 600 new lines 
in our 1985 edition and many design improvements, it's well worth 
getting a copy. Here are just a few examples from the catalogue. 

(The items below are NOT kits). 

* Most phono and jack plugs now with integral strain relief sleeve - gold-plated 
types also available from 14p (gold from 70p) 

* Stereo Disco Mixer with cross-fade, talk-over, cue monitoring, aux Input, 
slide controls. Only £58.95 (AF99H) 


A new range of superb quality loudspeakers. 

* Virtually indestructible high temperature 
voice-coil reinforced with glass-fibre 

* 100% heat overload tolerance 

* Advanced technology magnet system 

* Rigid cast alloy chassis 

* Linen or Plastiflex elastomer surrounds linda 


* 5-year guarantee (in addition to statutory rights) | * 10-Channel Stereo Graphic Equalisers - 3 models - basic: with peak level 
Available in 5, 8, 10, 12, 15 and 18 inch models with 822 and some 1612 meter; and with spectrum analyser - from £77.95 


impedances and with input powers ranging from SOW to 300W e.g MYT a 


Sin. SOW 95dB 8{): XG39N / 1612: XG40T £17.95§ 
8in. JOOW 98dB 812: XG43W £29,95§ 


10in, 100W 100dB 81): XG46A £29.95§ * Digital Delay Line permits Slap-back, Doubling, Flanging, Chorus and Echo 
12in. 100W 101dB 812: XG49D £29.95§ 11 controls. Only £195.00 (AF98G) 

12in. Twin Cone 100W 100dB 812: XGSOE : 1622: XG51F £31.95§ * Video Enhancer improves picture quality when recording from one VTR to 
Note - the output power doubles for each 3dB increase (ref 1W @ 1m) another, and with TV's with monitor input. Only 28.95 (XG59P) 


* Detailed descriptions of the exciting new 74HC range of IC's which combine 
the advantages of CMOS and TTL. From 46p 
|  * Keyboards: sloping keys, two-tone grey, mounted in steel frame, very smart 
cases (extra) available. 61 keys, only £33.95 (YJ12N) 

79 keys, only £37.95 (YJ13P) 
* 1% Resistors now 50ppm°C, 0.4W, only 2p each! 
* Auto transformers 120/240V 50VA, £10.75§ (YJ56L). 100VA £14.95§ 
(YJ57M). 150VA £16.95§ (YJ58N). 250VA £21.95§ (YJ59P) 
* Digital Clinical Thermometer, Only £13.95 (FK51F) 


Anew range of very high quality multimeters offering truly amazing 
quality at the price. 


Pocket Multimeter, 16 ranges, 200002'V DC/AC £6.95§ (YJO6G) new lines. 


Check our 1985 Catalogue 
for all our other fascinating 


M-102BZ with Continuity buzzer, battery tester and 10A DC range, 23 ranges, 
20,00012'/V DC £14.95§ (YJO7H) 

M-20208S with Transistor, Diode & LED tester and 10A DC range, 27 ranges 
20,00092'V DC £19.95§ (YJO8J) 

M-5050E Electronic Multimeter with very high impedance, FET input, 53 
ranges including peak-to-peak AC, centre-zero and 12A AC’DC ranges 
£34.95§ (YJO9K) Pick up a copy now at any branch of W.H 
M-5010 Digital Multimeter with 31 ranges including 201? and 204A DC. AC FSD | @ Phone before 2pm for Smith or in one of our shops. The price is 
ranges, continuity buzzer, diode test, and gold-plated PCB for long-term | same day despatch. still just £1.35, or £1.75 by post from our 
reliability and consistent high accuracy (0.25% +1 digit DCV) £42.50§ (YJ10L) a ie 3 Rayleigh address (quote CA02C). 


N.B. All our prices include VAT and Carriage. A 50p handling charge must be 


added if your total order is less than £5 on mail order (except catalogue) Post this coupon now for your copy of the 1985 catalogue. 


Price £1.35 + 40p post and packing. If you live outside the U.K. 
send £2.40 or 11 International Reply Coupons. | enclose £1.75 
Mail Order: P.O. Box 3, Rayleigh. Essex SS6 8LR. Tel: Southend (0702) 552911 


SHOPS Name 

© BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. eo ~ 

® LONDON 159-161 King Street, Hammersmith, W6. Tel: 01-748 0926 NORE See bissatsepastadtrversttute Wen : 

@ MANCHESTER 8 Oxford Road, Tel: 061-236 0281 

® SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 25831 ed tie Ne. ke ay 

© SOUTHEND 282-284 London Rd. Westcliff-on-Sea, Essex. Tel:0702-554000 BP veeeerseetees jkaarh eagle aaa Mistign stances 

Shops closed all day Monday. ETI 4 85 


§ Indicates that a lower price is available in our shops. All offers subject to availability. Prices firm until May 11 1985 


